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INTRODJCTION

The work on this project was carried out over the period of
1 April, 1951 to 28 February, 1983,

Considerable interest has evidenceditself since the study of
microbiology was begun to determine the survival'oi deéth of organisms
under the influence of nature, as well as physical factors under
laboratory conditions. The reports of these studles are scattered
throughout the biological literature. They have never been collected
in a survey in an effort to bring all of the available data together
for correlation of the material.

8 survey of the literature has been made on the survival and

persistence of microorganisms under varying conditions as follows:

Methods and Materials

l. Information on the stsbility, persistence or survivel of micro-
organisms under natural or experimental conditions may be found in
bacteriology textbooks, scientific biological Journals, abstracting
journals and in indices such as the Quarterly Cumlative Index Medicus,

2o A systematic survey of these sources gave as full a coverage of

the literature as possible for this project.

3 The primary sources for material in this project were:
(a) Bacteriology texts by: Topley and Wilson, Zinsser, Dubos,
Rivers, and other texts.
(b) Blological Abstracts
(¢) Chemical Abstracts
(d) Quarterly Cumulative Index Medicus
Original articles were then obtained from the original journals,

-1-
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4. The range of Information collected appears in a sslected outline

belows
(a) Source
1. Air

bacteria
fungl
microorganisms
rickettsia
viruses,

survival of
persistence of
recovery of
2. Body (as under air)
3., Culture Media (as under air)
4. Food (as under air)
5. Insects (as under air)
6. Pressure (as under air)
7. Radlation (as under air)
8, 801l (as under air)
9, Surfaces (as under air)
10, water (as under air)
(b) Organisms (general)
l.Bacteria
persistence of
survival of
recovery of
In water or ice
in air
ornn or in insects
in soil
~In milk
in food
in feces
on surfaces (wood,glass,concrete,etc.)
under natural conditions
2. Miceroorganisms (as under bacteria)
3s Rickettsia (as under bacteris)
4, Tiruses (as under bacteria)

5. Yeasts, molds and fungl (as under bacteria)

-2-




(¢) Particular (organisms) diseases
1, Anthrex-Baci®lus anthracis

R. Brucellosis -~ Brucella abortus, melitensis, suis

3. Cholera - Vibrio comma
4. Cocclidiomycosis - Coccidiodes immitis

5. Dysentery - ghigella spp.

6. Encephalitides - viruses
7. Influenza - virus

8. Plague - Pasteurella pestis

9. Poliomyelitis - virus
10, Psittacosis - virus (and other viral diseases)

1l. Tularemis - Pasteurella tularensis

12, Tuberculosis - Mycobacterium tuberculosis

13, Typhoid - Salmonella typhosa

14, T?phus - Rickettsia (and other rickettsial dlseases)
15. And others

5. The material in the textbooks was covered chapter by chapter on
each genus or species of organism and original references to the lit-
erature as well as general statements in the text were recorded on g
special form, Information relating to each species was recorded on
individual sheets. 8pecific references ffom the body of the text and
bibliography of the chapter were recorded with specific data on a

speclal form on a 5% x 8% file card.

é. The Abstracting Journals were searched as follows. For each

Biological and Chemical Abstracts, a complete list of the index

titles which might yleld information pertaining to the project was

prepared and was used as a guide for searching through each yearly

index. References of apparent value were taken on a form listing
B




subject and abstract numbers. After completing a yearly index, the ab-
stracts were checked from the numbers recorded to determine if they
had information on survival and persistence. If not, the reference
was discarded, If questionable, the title was taken to check the
original article., If pertinent, spacific data was recorded on the

face of the file cards and general methods were recorded on the back
of the card.

The original article was obtalned wherever possible and read for
further data and to check the data in the abstract for accuracy.
General information on methods was recorded on the back of the card.
References in these articles to original work were recorded on
separate file cards and the original articles obtained and reand for
appropriate data and information.

T« The Quarterly Cumulative Index Medicus titles were surveyed and a
list of titles which might yield information pertaining to the project
was prepared. 8Since only titles of articles, and not abstracts, ep-
peared in this publication, the appropriate titles were taken directly
to the file cards. The original articles were checked as were the

articles found in the abstracting journals, read, and data recorded.

8. The Library of the University of Texas Medical Branch has an
extensive number of domestic and foreign scientific Journals. However,
since some original articles appeared in journals not availlable in

our library, reprints were requested whenever possible from the
authors, or requested from the microfilm service of the Army Medical

Library in washington, D. Ce.

9. The cards were filed according to subjects: Air, Body, Culture, .

Food, Insects, Pressure, Radiation, Soil, Surfaces and Water with

cross reference cards in each section vhere an srticle had informetion
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on persistence of organisms in or on more than one of the topics listed.
From the cards, the data were transferred to forms, collecting all

of the particular information on one group of organisms together.

This information was then tabulated on multilith stencils and a sur-

vey of the data prepared for each section,

Note heret Because of the tremendous amount of data, it has been
impossible to collect it in a form to sult all who may need turn to
1t for reference., It is recommended for those who have a particular
interest in one factor affecting the survival of organisms or the
factors affecting the survival of one organism that they use these
tables as a gulde and refer to original work in the references for
more complete information.

It is certain that with a large report of this type that one
might, by close reading, be rewarded some misspelled words, some
occasional organisms slightly misplaced and some of the references
listed by wrong volume or page. It should be noted also that the
literature covered in the report is from 1885-1953. DNuring that
time the names of organisms have changed several times with the result

that old or outdated names may appear in certain places in the report.
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THE SURVIVAL OF ORGANISMS IN AEROS(0LS

One of the important methods of transmission of dlsease producing
organisms is through the air--air borne infections. An aerosol is a
suspension of particlies in air, in this particular instance a suspen-
sion of miecroorganisms in air. In nature, organisms may get into the
alr from the wind blowing over water and soil, raising microscopile
water particles and dust particles into the air and suspending them
there, Potential pathogens get into the air of human environment
from sneezing, coughing and expectorating as well as from clothes,
bedding, sweeping of floors and other similar sources. Under such
conditions these factors affect spread of infection (1) the organism
virulence; (2) the host susceptibility; (3) effect of environment
on organism preventing or aiding it in survival.

Aerosols of mioroorganisms may be set up experimentally by man
in open or closed areas to study various factors affecting survival.
These factors may be divided for convenience as to (1) environmental
factors and (2) organism factors.

These aerosols may be of organisms not usually considered as air

borne infection orgenisms as we usually consider them in nature.

Environmentsl Factors Affecting:

There are many ma jor and minor factors which may affect the
ability of an organism to survive in an aerosol. The medium in
which the organism is grown and the medium from which it is suspended
for spraying may aid or adversely affect the organism. The growth
medium may supply nutrients for production of active, well-developed
cells. The suspending medium provides osmotic effect as well as
protection against drying too rapidly or slowly, protection against

radiation and other forces.
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™e temperature of the air may affect the survival of an
organism in an aerosol to & certain extent. Usually at higher
temperature lowsr recoveries may be expected if the relative humidity
(RH) is constant.

T™he RH of the air is very important in the survival of organisms,
Various organisms may respond differently to high and low RH but
usually at a 504 RH greater destruction of the organisms result.

At high or low humidities better recovery may occur. As noted,
individual organism types may respond differently to different
humidity levels., 8ome organisms are killed if they dry too rapidly
S0 low RE levels are detrimental. Others appear to give lower
recoveries if sprayed into very high humidity air., From theoreticsl
grounds this might be explained on the basis that particles sprayed
into saturated air may act as nuclei of rain drops and precipitate
out or may merely hit one another and form large particles which
stick together and then precipitate out of suspension.

The amount of radiation present affects the rate of organism
survival in an aerosol. Organlsms are destroyed in sunlight and
artificial sources of wltra violet more readily then if present in
an serosol in semi-darkness or in absence of all light or artificial
radiation, The sunlight accounts for a great amount of destruction
of alr organisms along with desiccation.

The method by which organisms are rendered air-borne is impor-
tant in their survival as aerosols. In nature, organisms covered
with a film of moisture or soil or oilly film of dust will be pro-
tected against desiccation and randiation. In experimental aerosol
production, the type of spray device 1s of importance. The rate of
spray, amount of shearing force put on the cell and the size of

particle developing will affect survival in the air. Sowme sprayers
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may destroy the cells by the force of spray; others form large
particles which 4o not stay air borne for'jong periods. For
infecting animals, particles smaller than 10 micra in dlameter
must be formed and viable organisms must be present,

In nature the amount of éir movement is important in keeping
the organisms suspended. Also important is the resuspension of
organisms as secondary aerosols by air and wind movement as well as
by human and vehicle traffic.

The method of sampling aerosols is important in evaluating
the results. If present as large particles (over 10 miera in dia-
meter) then they will settle out rapidly and may be sampled on
"drop-plates®. Various types of samplersmay collect particles within
a certain range--some particles may be too big and others too small,
This must be taken into consideration. As mentioned previously,
particles above 10 micra in dlameter are too large to be respired
by animals so that aerosols of particles may be quite viable but

too large to cause respiratory infection.

Organism Factors Affecting:

Each gonus and species of organism may have its own character-
istics which may protect it from destruction when present as an ailr-
borne organism., The individual strain of organism sometimes has
certain characteristics which allow it to remain viable more or less
- long than closely related strains and specles. Some orgunisms any
be protccted by their presence as a spore or by thelr capsule or
resistant cell wall. All of these charncteristics resist the forces
of nature-~desiccation, radiation and tempersture changes as well.
The size and shape of the organism and ricidity of the cell w1l adld

anoorpnnlen Lo resist the forces prescnl in spraying procedurcs.
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The age of the cells (In the growth curve) at the time of
aspraying determines to a certain extent their resistance to desicca-
tion, radiation and other factors. The length of storage before
spraying may be another factor. The numbers of organisus in the
spray medium and the total numbers of organisms will also affect
the length of survival of the aerosol.

SUMMARY
#Bacillus (Table A 1) B. anthracls spores resilsted ozone for 4 hours
and could withstand direct sunlight for days. Be subtilis resisted
UV and remained viable in air for 5-7 days, experimentally. B. an-
thracis apparently survived 200 F. for 24 hours. B. megatherium
was transported for many miles by storms.

#Brucella (Table A £) Brucella melitensis survived in dust for

30=-44 days experimentally. In nature it survived equally long. High
rainfall areas have Brucellosis - arid arecas none. Sunlight quite
effective in killing organisms.

#Clostridium (Table A 3) TVegetative cells susceptible to oxygen,

#Corynebacterium (Table A 3) The diphtheria organism survived in
dust for 7-102 days or longer. Orgonisms found in alr frow diphe

theria patients. It survived 48 hours in air,
#lactcbacillus (Table A 3) The orgnnisms (L. acidophilus) settle

out of alr rapidly (5=10 minutes). Radlation is not too effective
against it.
#Neisseria (Table A 3) The Ne. meningitidis organism can travel and

infect in wards up to 5 feet in distance.
#7ibrio comma (Cholera) (Table A 3) During the cold months the

organism dries ahd dies. Experimentally dried in air it may survive
up to 108 hours.
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#Diplocoeccus pneumoniae (Table A 4) sSuarvives only 42 minutes in

sunlight but 42 hours in dark. RH of 504 1s very lethal but not
with NaCl removed. The lethal effect is raised with larger particles
and higher temperatures. Organisms in floor dust for over one month.
Usual survival in air is short but many survive for 48 hours.

#Escherichls coli (Table A 5) Recoveries up to 25¢ many bc obtained

in air. PFaintly resistant to ultra-violet especially with increased
humidity. Cilgarette smoke protects from chemicals in air, It may
survive up to 4 years in dust.

#Microorganisms (Table A 6) General factors affecting survival of

organisms at altitudes are presented. Some organisms found up at

70 thousand feet. In experimental studies factors affecting survival
of organisms in general are presented (temperature, radiation, chemi-
cals, alr conditioning). Scattered reports are listed for Erwinia,

Hemophilus, Malleomyces, Micrococcus, Proteus, Pseudomonas and Sar-

cina. Several reports are present for Serratis as follows: The
organism survives as long as one day in air. One report indicates
using nose as sampler. Nose and throat fluilds : re toxic to Berratia.
Low humidity destroys organism rapidly. neports on Proteus suggest
survival of 2-12 days.

#Mycobacterium tuberculosis (Table A 7) Organism survives 8-14 days

in dust and 4-7 days in sputum dropiets but 2 months in sputunm,
Mira~violet and glycols tested against organism.
#Pasteurella (Table A 8) The plague organism dles rapidly on drying

but is infective by alr route. The tularemia organism is inhaled from
grain dust to infect..
#Protozoa (Table A 9) E. hystolytica cysts did not survive when air

dried.
#Phage (Table A 9) Survives air drying and can be disseminated




#Rickettsia (Table A 9) Typhus may be transmitted through air.
C. burneti is reported in goat barn. Rickettsiae grown in egg
and sprayed survive 30 minutes in air.

*Salmonella (Table A 10) Sprayed into air, the organisms survive
8~24 hours, Higher Rh and temperature lower recovery, Dust pro-
tects the cells and organism survives sun rays for 4-10 hours.

#Staphylococcus (Table A 11) RH of 504 is lethal. sSurvives 3 days

in air. Ozone not very toxiec., 8Survives in floor dust for several

days. May be quite resistant to UV light.

#Streptococcus (Table A 12) Killed by sunlight in 4 hours but lives
in dark for at least 65 hours and perhaps up to 2 weeks. Good sur-
vival in high and how hunidity, but not 504 RH. Infective as small
particles (2 miecra). Particles near 12 micra dismeter not as in-
fective. Survives in air for 48 hours. Sunlight and UV are detri-
mental, Organisms from air may survive in blankets for 4 months.
There may be 40 per 10 cublc feet of alr in hospital wards or up to
378 per cublec foot. Glycols may reduce population 90#.
#7iruses (Table A 13) May be found at high altitudes.
Influenza -~ Survives in dust less then 3 weeks. £. ¢ RH more
effective in destroying virus then higher RH. S8ome disagree-
ment, however, exists over RH effect, Virus from air on
blankets survives drying., It may survive many days in air but
glycols and sunlight destroy it rapidly.
Vaceinia -~ Survives in air 8 hours, being more susceptible to
destruction than Streptococci. Resists radiation like bacteria.

Foot and Mouth - Survives 1 week in outdoor air and in dust.

Smallpox - Seasonal incidence indicates low humidity favors the

disease.

Infectious Jaundice = Virus carried in air by being dust-borne,
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#Yeasts, Molds and Fungli (Table A 14) Some of these species are
found at 10 thousand to 56 thousand feet high. Some may travel 100
miles or 300-400 miles or even as far as 1200 niles to infect plants.,
Some species isolated iu 4 .0 .. Resistance to UV is high,
Certain human diseases are affected by low RH and wind to dry and
carry spores (coccidiomycosis) while others need high RH and lower

temperatures such as Sporotrichosis.
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SURVIVAL OF ORGANISMS IN THE BODY AND BODY MATERIALS

The importance of the persistence of microorganisms in the body
materials during life and after death has been recognized as a major
problem and hazard for a long time. The disposal of body exereta,
tissues and carcasses themselves have been influenced by the realization
that potentially pathogenic organisms might survive in them for long
periods depending on certailn factors of nature.

The handling of blood, tissues, and other specimens in laboratories
and hospitals require precautionary measures since some pathogens may
remain alive for a short time and others survive for long periods.

The length of survival affects culture procedures for isolation of the
organisms since the orgonism may die off readily. On the other hand,
some organismg are kept in blood or tissue in the laboratory because
the organisms survive in them for a very long time.

A distinct hazard and problem is the persistence of pathogens
in secretions and excretions such as sputum, urine or feces. The
proper disposal methods depend on orgnnism survivals and persistence
in these materials,

0f interest alsc is the survival cf animal, plant and human
pathogens in meats and meat products or on plants or plant products
which are to be handled or eaten by susceptible individuals or which
are to be disposed of without danger to other susceptibles.

The factors involved in the survival and persistence of micro-
‘organisms in the body and body materials may be divided into (1) bedy
or body material factors; (2) factors in nature and (3) organism

factors,

Body or Body Material Factors Affectling:

Microorganisms may survive in body tissues, flulds or carcasses
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for varying lengths of time, The body materials msy on one hand pro-

vide food and protection from outside influences or on the other, may

-y

through pH of stomach or intestine, antagonistic organisms in the
Intestinal tract or antibodies or other antibacteriul factors destroy
the pathogens, Some organisms will survive for long perliods in whole
blood or serum at low temperature. Other organisms will be in tissues
and be viable for long periods. Some organisms expelled in urine and
feces are not destroyed readily by pH and antagonistic organisms but
will be protected and survive. In sputum some organisms are destroyed
but may survive well when suspended or dried outside the body. Body
fluids through protective colloids are able to allow organisms to with-

stand forces of nature.

Forces of Naoture or Environment Affecting:

Most organisms will persist for longer periods at lower tempera-
tures. At temperatures high enough to allow metabolism to take plsace,
the organisms will grow but kill themselves sooner with detrimental
end-products such as acids, aldehydes and other substances. The amount
of radlation will affect organism survival, depending on the amount of
protection the cells have by organic matter. Wind and rain can wash
away and dilute the organisms. Freezing and thawing also may affect
the survival of members of cells as well as the heat of the sun if
the organisms are near the surface. Another factor affecting survi-
val of organisus in body materials in nature would be the RH if
exposed to alr. The interplay of temperature and RH is important.

If not at soil surface, then the depth at which the body or body
naterial is buried will affect survival.

Organism Factors Affecting:

The general and specific characteristics which are a part of a
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particular cell will affect its ability to survive in the body and
body materials. The virulence of the cell and its ability to invade
certain tissues are important in determining its presence and survival
there. 1Its resistance to light and other radiation, heat and cold,
freezing and thawing, desiccation and temperature, and humidity changes
will determine its survival and persistence. Abillity to grow at low
temperatures or survive at low temperatures, the presence of protective
capsules or a spore stage or a particularly resistant cell wall and

protoplasm all are important.
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SUMMARY
#Bacillus anthracis (Table B 1) Survival data suggest 50-90 days in
blood either molst or dry; in guinea pig blood at 2530 C, for 1-9

months or at 5-10 C., up to 159 days; the organism may be found in feces
and urine of cases. 8kin apparently inhibits the organism. In body
tissue, survival is given for several days up to 9 months, depending
upon condition.

#Spirochetes (Table B 2)

Borrelia - Survival is listed at refrigeration temperature for
100 days in blood, at -48 C for 27 months; in feces for 4 weeks
and tissues for 1 year.,
Ieptospira -~ Survival in blood for 7 days in dark, in feces for
24 hours but in urine for weeks or months. At refrigerator
temperature in tissues survival of zé days is given but at -20 C.
100 days survival is listed.
Treponema ~ In blood survival is only for a few hours at body or
room temperature but in refrigerator for several days and at =20
to =78 C., survival of months to 3 years 1s given. In tissues at
5 Ce for several days in bodies, Some tissues may stay with
viable organisms for 7-l0 days or longer. At frozen conditions
=10 C to ~78 C survival of 2 months to 3 years is given.
Spirillum - survives 1-5 years frozen and in rabbit blood.
#Brucella (Table B 3) In blood the organisms may live for 5-6 months
or up to 5-9 years depending on reports. In feces, data suggest 100
days in dark or 20 days in manured soil. In a patient the organisms
were found in feces during léth month of disease. 8kin apparently
inhibits the organisms. In urine survival of 6-30 days is listed.

In tissues persistence may be for a month to 7-9% months.
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#Microorganisms (Table B 4)

Clostridium -~ C. tetanli found in tissues for 4-6 months and feces

for 16 days. Gas gangrene organisms found in wound areas for
five years. Botulism organisms found in intestines for 4 months.

Corynebacterium -~ Diphtheria organisms in blood for 13 years in

laboratory. In tissues for 9 weeks to 4 months and in throats
for & months in virulent form.
Erysipelothrix - Alive in tissues for a month, in sunlight for

10-12 days and in buried carcass for months.

Hemophilus - H. influenzae survival in blood for a short peviod
but H. pertussls lived for weeks.

Lactobacillus ~ Alive for over 5 years in blood.

Malleomyces ~ From blood and urine remained alive 16-27 days.

Microbaocterium ~ Found alive in bdlood for 5 years.

Proteus - In blood survivals of 3-9 years are reported. On skin
survival was better than on filter paper.

Pseudomonas «~ Five year survival in blood is noted and resistance to

drying on skin better than on filter paper.

Serratia - Organisms remained alive for 5 years in blood. Sur~
vivals on skin were better than on filter paper. Drying appeared
to be important in destruction on skin.

#Diplococcus pneumonise (Table B 5) Studles in blood suggest survival

of a few months when dried on surfaces and of 5-9 years in tubes. In
sputum, persistence of 4 months is reported; when dried on surfaces, a
few hours in sunlight to 30-40 days in dark is reported.

#Escherichia coll (and coliforms) (Table B E) Survival in feces in

dark or light, fluld or drled varies with report from 3 days in sun to
over a year or two. On skin organisms alive for a few minutes to hours,

In urine the organisms may live over 100 days. Aerobacter aerogenes in

feces 9-16 days, inhibited by agﬁgfl skin and alive in blood 3-9 years.




¥iatazoa and Protozoa (Table B.7)
Bartonella - In blood for less than 3 days. Heating and chilling

destroy it rapidly.

Entamoeba - Transient viability in feces stored at high temperatures
(a few hours) but up to 14-17 days at low temperature., On skin
cysts survive only a few minutes,

Necator -~ In feces plus urine for 2-3 weeks, in feces in ladb for
13 months and for 3~7 months in soil. In sunlight destruction was
in 1-2 hours for larvae.

Ascaris - In sunlight for a few hours but in fecal soil for days
to a few weeks,

Trichuris -~ In fecal material survival of 14 days to 3 months.,
Increased temperature destroyed the organism readily,

Trichomonas - In pus for 3 hours and vaginal discharge for over

5 days. In laboratory with gastric muein survival of Z2-4 years,
Irypanosomes - Do not develop in blood of bats at low temperature.

Trichinella - Survives a f'ew hours at sub-freezing temperatures.
Plasmodium - In blood at -50 to =70 C. for 10-15 days.
#Molds, Yeasts and Fungl (Table B 8)

M. audouini - In hair survives for 125-420 days.
Tricophyton - Remains viable in toe scrapings for 300 days.
Coccldlolides - In sputum in soill for 30 days as vegetative form

and 240 days as parasitic form,
#fycobacterium tuberculosis (Table B 9) In blood survival of 14 days
while controls in saline live 10 weeks. In fecal material persistence

of a few days to several months in nature =nd £ years artificially in
fecal material. In pus for 3~4 months and skin for 7 years. Sputum
samples vary in viabllity from 1-7 days to over 180 days depending on
temperature, light and humidity. In urine it lived for several months.
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In tissues death resulted rapidly in light and when dried but at low

temperatures and if burled survival of 90-167 days reported or even

¥ 1-3 years in lung tissue.

#Micrococcus gpecises (Table B 10) (Staphylococeus) In blood for 9-19

years, In feces the effect of sunlight is negligible. On skin drying
seems to be the antibacterial factor; low pH affects some while the
presence of dirt or fat seems to protect organisms. In pus orgsnisms
survive at room temperatures for 2,5-3.5 years with no loss in patho=-
genicity. The organisms resist pH changes considerably. Gaffkya may
live in blood for 5 years, Sarcina are killed rapidly in throat.
#Neisseria (Table B 11) The gonococcus stays alive in serum for 7-8
weeks to 16 months., In uretheal discharges the organism lives for a
few hours at room temperatures. Reduced temperature gives longer sur-
vival. 1In body it may live almost 3 years. The meningococcus may
live in nasopharynx for an average of 6 months. In dried secretions
viability of several days is reported. In blood the Neisseria live

6 weeks to 3 months.

#Pasteurella (Table B 12) The plague organism remained viable for 100

days in blood, 3 months in urine, in tissues reports of several weeks in
carcasses to 1-2 years in refrigerator to 7 years glycerinated at

-15 C. Frozen tissues give 6-42 month survival of P. tularensis and

up to 10-13 years in glycerinated tissues at ~l4 C., Pasteurella may
live in feces for a few days in nature to several weeks experimentally.
#Rickettsia (Table B 13) Certain of the rickettsia exist for only 12
days in blood refrigerated, others for 95 days at «70 C. and others

for 610 days. In feces survival of 6 years 1s reported. In tissues

at freezing temperatures viability of nearly a year is suggested, for
almost £ years with another while at 5 C. 2~3 months survival is re-

corded.
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#8almonells Species (Table B 1l4) In blood mnder lab conditions survi-

val of 7 years is reported. In feces, 8 days to over 8 months is
listed. On skin survival of 10-20 minutes on clean skin to several
hours on dirty or fatty skin is suggested. Frozen turkey skin harbors
the organism for over a year. In tissues the organisms wilthstand heat
for short periods.

#Salmonella typhosa (Table B 14) In blood for at least 7 years, one

strain for 18 years, others up to 10 years in virulent state. In
feces for a few days to 5 months with varying conditions. The normal
skin does not allow survival but for a short time. In urine for 2-3
days at high room temperatures to 14 weeks. In tissues existence for
l40-iéo days 1s suggested.
#8higella (Table B 15) In feces under varying conditions survival of
a few hours on frult to over 200 hours in desert to several days and
even up to 113 days in dried feces. In urine at room temperatures up
to 40-50 days. Gastric Jjulce was germieidal,
#Streptococcus (Table B 16) In blood survival of a few weeks (4-8) to
7-19 years 1s recorded. On skin streptocoeci survive for 1-2 hours,
In sputum viability may be as long as 150 days. In tissues 3 month
to 6 month survival is recorded.
#yibrio (Table B 17) In blood the organism exists for 47 hours to 8
days and longer (5 weeks) in bloou broth. In feces under adverse
conditions of pH and sun and temperature viability varles from 24 hours
to 30 days. In urine extremes of 5-40 days are recorded.
#7iruses (Table B 18)

Hoof and Mouth - In blood and serum at low temperatures for

several weeks to months for survival and in lymph existence for
over 2 years i1s listed. In feces survival of 2 months to almost
a year 1s suggested at low temperature. In tissues viability of

the virus remained for 2-? mo%ths at refrigerator temperatures.
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Herpes -~ Alive only 40 minutes in normal rabbit serum, 10 minutes
in serum plus UV. In brain suspension it lived for 100 hours.
Yellow fever - In blood it was viable for 154 days when frozen
but in blood and liver st -10 C., 2 weeks,

Rift valley - Long viability in refrigerator at 82 days or 2 years.

In serum survival at refrigerator temperature was longer-1048 days..
JInfectious jaundice ~ In dried fecal dust, the virus lived for
31 days.

Newcastle -~ The virus was present in chicken feces. On skin and
carecass 95 days and in bare and unplucked carcass, 134-19% days
viable.

Psittacosis ~ In fecal material the virus remained for 10 days.

Poliomyelitis - Fecal material harbored the virus for hours after

passage., 8Storage at low temperature protected the virus to allow
survival of 7-8 weeks up to 6 months. Virus found in stools from
7th day of disease to 123 days following attack. In tissue sur-
vivals of 20-30 days reported, in nasopharynx for a number of days
(5~9) after onset of disease, The virus remained viable in an
anoeba culture for less than 3 days.

Rabies - In brain material viability of 47 to over éa days is
reported. EXposed to liquid alr destroyed in 24 hours and at
high and low pH levels in a few hours.

Influenza « On human skin the virus was destroyed in less than

1 hour, 1In tissues at «30 C.survival was less thanAs months,
lower temperature of «78 C, protected for 6 months in broth and
in rabbit testes for 3 years,

Fowipox - Two year survival in dried lesions reported.
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YVaccinia ~ The virus from pustules survived up to 8 hours. 1In
mouse brain survival of 6 months to 2 years is noted. In calf
lymph equal survival 1s glven.

Smallpox - In dried erusts, the virus remsined for periods over a
year in the light and dark,

Rinderpest - In rabbits and storage viabllity of 7 days.
Encephalitis viruses - Storage of 1 year in 504 glycerin, loss of

virulence on drying. If frozen, survives over 3 months. Jap B
in mouse brain survives at -78 C. for é months.

Lymphogranuloma inquinale - In rabbit testes survival of 10 months
at -78 C, is reported.

Pneumoenteritis ~ lLoss of virulence on storage is listed at 6 duys

if frozen and in 20 days if dried and refrigerated.
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THE SURVIVAL OF ORGANISMS IR CULTURE MEDIA

One of the foremest protlems in the fleld of microblology has
been the culturing and storage of organisms in the laboratory ia
such mannsr as to maintain viability es well as their charscteris-
tics of nbrphplogyo matabolism and virulence. A multitude of re-
‘ports on this subject ﬁave boen made from myriads of sxperiments
with more or less wzanimity of results., The facters involvad in
tho storage of cultures are numerous. Several main methods have
bean used for maintenance of stosk cultures: (1) low tempsrature,
sterage; (2) drying by lyophilisation or other procedure; (3) ex-
glusion of air and maintenance of moisture: (4) use of = cgmbina.ticn
of the various methods, |

Tha factors involved in survival may be discussed in general as

to envircnmental factors or organism characteristics.

Environmental Factors Affectings;

The terl "culture Anadia' is used loosely hers to cover the
survival of organisms in vitro in media of all types whether liquid,
80lid or aried; in various containers under experimental conditions
primarily in the laboratory, _

The medium in which the organism is grown or stored plays an
important role in detsrmining the length of .sa:wi.val and maintenance
of charssteristics of organisms. The prossnse of inorganic buffers
protect against extreme pH changes ut may on occ‘.a.sion be toxic for
soms crganisms. If fermentable carbohydrates are present, texie
acid, aldshyds, alcoholis or other snd produsts might slowly pids-
up to X111 the ‘organismo Some salts are necessary for osmotic et’fecf;
st ean be toxis if in 1a§_ge concentrations in the msdium., The or-.
ganis substancss in the medium may supply buffering sspacity against
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PH and other changes but may provide in metabolism a source of
toxic end-products.

The physical state of the medium may affect survival time of
organisms, Survival in liquid, on s0lid surface or in dried state
may vary with certain organisms, The amount of medium may offer
protection against physical forces of temperature and radiation
or oxidation-reduction potential changes which might be detrimental
tc some of the anmerobes particularly.

The temperaturs of storage is one of the most important factors
in determining length of survival., Organisms maintained at tempera-
tures which allow metabolism of the orgenism to take place will not
only produce toxie, limiting end-products but will age to become more
gugceptihle to detrimental action of physical and chemical forces,
Uszually the higher the temperature the more rapid the death rate.
Low temperature of storage obtained in refrigerators (approximately
5 Co) preventsactive metabolism of most microorganisms and serves
well in maintaining numbers and general characteristics of organisms,
Even lower temperatures have been used, ranging from -5 C, (deep~
‘freeze) to =75 C. (dry ice) to temperatures of liquid oxygen. In
studies below the freezing point, the rate of freezing i1s a factor
in the survival of organisms, Usually rapid freezing allows greater
survival. Repeated freezing and thawing destroys many organisms
probably through rupture of cell walls by formation and dissolution
of the ice crystals. Presence of protein in concentration protects
against such destruction.

Desiccation is uﬁually considered as destructive to most organ-
isms. Maintenance of cultures at low temperatures prevents loss of
water content through evaporation. Materials such as cultures at

room temperatures (285 C.) or incubator temperature (37 C.) may be
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sealed or covered by various means including wax or rubber. stoppers
or screw-caps. Lyophilization, drying from the frogen state, has
been exploited as a means of maintaining organisms. The suspending
medium, rate of freezing, rate of drying and subsequent storage
method are important factors in the success of the procedure., Usually
a protein suspending medium with rapid freezing and rapid drying
with the material then being sealed off under vacuum and stored

at refrigerator or colder temperature gives the best results. The
total dryness affects survival since a small amount of water in the
end-products allows deterioration. In some instances inert gas

such as nitrogen has been used instead of keeplng organisms under
vacuum., Storage may or may not be at low temperature, The lyophili-
zation procedure may result in the destruction of many organisms in
the preparation but those remaining viable retain their characteris-
tics for long periods without throwing off variants.

Radiation of various types affects survival of organisms in
cultures. Storage of cultures in the dark away from direct or
diffuse daylight allows longer survival., Exposure of cultures to
artificial sources of UV or of other radiation not only increases
the death rate but increases the development of aberrant forms as
mutants.

Removal of oxygen and substitution of an inert gas will prevent
metabolism and allow long storage. The use of sterile mineral oil
over cultures prevents desiccation and excludes oxygen as well, thus
slowing down metabolism and allowing survivael for long periods.

Many studies have been made on these various factors affecting
survival for better maintenance of microbial cultures. The cultures
have also been exposed to extremes of temperature, desiccation, pH,

eH, radiation, chemicals and pressure toc determine the ability of
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different organisms to withstand these forces. 8Some of these

studies are reported here.

Organism Factors Affecting:

The survival of an organism in culture media is not only
dependent upon the media and other environmental factors but also
upon the intrinsic charsascteristics of the particular organism itself.
The genus, specles and strain are important in that they may have
characteristics providing resistance to physical and chemical forces.
The presence of spores, capsules, especially rigid cell walls or
other cellular components may aid in survival, The presence or
development of more resistant varlants or mutants may play a role
in persistence., The rate and type of metabolism plays a part also
in the pile-up of toxic end-products which might destroy the organism
more rapidly. In all survival studies the number of organisms ex-
posed and the age 1n the growth curve at time of storage or exposure

are important factors in the survival or persistence of organisms.
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SUMMARY

(. #Bacillus anthracis (Table ¢ 1) Dried cultures survived 43-35 years

with good immunizing property, low temperature kept virulent forms
alive for 8 years. In liquid form survival up to 1877 deys in glycerin-
serum at room temperatures. In sunlight killed in hours. May live

for 1l=14 years at 5-10 C. Liquid air killed in é hours, liquid
hydrogen 10 hours. On solid media viability apparently low. May sur-
vive sun for li-4% hours depending on season.

#Bacillus species (Table C 2) Dried cultures survive for 4-5 years.

Ligquid cultures for long periods. Spores resist sun for 5-6 hours.,

Be globigii was found to be resistant to heat, gentian violet and
streptomycin. On solid media 8 month survival., At freezing temperature
over 80 week survival noted.

#Bacteriophage (Table C 3) Dried typhoid phage lived for 25 years,
others for 3 years, Resistance to heat aided by dryness. Freezing and
thawing destroys phage. Lyophillzation of dysentery phage inactivates

much of the activity. Sunlight is toxie. Coliphage may be active for
7-17 years. When dysentery phage dried, no loss in 6 months. Phage
resistant to pH changes.

#Spirochetes (Table C 4)

Borrelia - At ~78 C. the organisms survive for a year. Lyophili-
zing destroys many cells and may live only 192 hours.
leptospira - Ten month viahility in tissue broth at -78 ¢. In
temperatures of 89-42 C, survival varies upwards from 5 days to
ié months,
Spirillum -~ In mouse blood at -78 C. for 1 year.
#Brucella (Table C S) When dried,cultﬁrggrlive 4-5 yoars. In liguid
viability ranges from 15 days to 400 days. On solid media no loss in

8 days. O0n storage colony forms change. Storsge at 37 C. shows 4 year
(C 5)




survival, Sunlight and drying lowers disease incidence. In lyophili-
zing high temperature lowers recovery while slow rate of drying glves
better survival., Storage at 2-5 C. ylelds 804 viable in 100 days.
#Clostridium (Table C g) Dried cultures live for 3-5 years. Organisms
survive lyophilizing. In liquid form exposed to various changes of
temperature, pressure and pH fair survival is listed. On solid media
Cl. tetani lived for 38 years. Cl. botulinum showed 140 day survival
at 5 C. The spore stage of these organisms protected against high
temperature and sunlight for short periods.

#Corynebacterium (Table ¢'7) In the dried state 4-5 year viability
found. The organisms resist sunlight when dried., In liquid media é
month survival is usual, Organisms resist drying and sunlight well.
On solid media 7-18 month viability reported.

#Erysipelothrix (Table C 7) When dry the cultures lilve for 4-5 years.

#Diplococcus (Table C 8) In dry form the crganism may exist for 4-8
years depsnding on temperature of storage. Lyophilized strains show
good survival numbers for at least 3 years. Liquid cultures live over
6 months. On solid media viability of 50 days-3 months is listed. Low
PH is detrimental as are temperatures above 56'0.

*Escherichia coll (Table € 9) survival in dry state of 4-56 to over 10

years 1s listed. Early studies showed shorter periods, Freezing and
thawing for lyophilizing destroyed many. In liquid exposed to increased
temperature, freezing temperatures and chemicals, short periods of sur=-
vival (in hours) are shown. In ordinary cultures at room temperature,
viability over 1 year is found. Increasing salt concentrations des-
troy the cells. Very low temperatures destroy some cells rapidly

(=195 Ce). A teuperature of ;9 Ce with high humidity 1s reslsted for
7-10 hours. On solid media 91 day to over 1l month survivals are

listed. Sunlight Guring various seasons is resisted for 1% to 4% hours.
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¥iability for 14 years noted in one instance at R.T. in dark, wide
variations in temperature affect survival.adversely.
ab #licroorganisms (Table ¢ 10)

Alceligenes - In dried form, survival of 4-5 years is reported.

Aerobacter - For 4-5 years in dried state, 31 days dried on
paper at 37 C., Reports suggest the organism resists slkaline pH.
Hemophilus - Various species ineluding H. pertussis lived for 5
years in dry state. In blood broth at -15 to 20 C. a few hours.
On agar for 4-8 months.

Klebsiella - When dried, survival of 4-5 years listed, in serum at
37 C, 43 days while in sealed tubes on agar 12-13 year viability
has been demonstrated.

Lactobacillus « At 37 C. in dry state poor survival but at lower

temperatures 9-4 year survival is shown. It resists liquid hy-
drogen for 7 hours and -10 to -80 C. for long periods. Rapid
freezing aids survival., On solid media, 2 year viability was found,
Proteus - when dried, 4-~5 year survival. In liquids good survival.
was reported. On solid media, 8 month viabllity found for some,

4.5 years for others and 19 years when on agar in sealed tubes at
ReTe

Pseudomonas = Survival similar to Proteus, 4-5 years when dried,

in liquid and on agar good survival found. It is slowly destroyed
by pH up to 11,5,
Flavobacterium - In liquid media at -5 to 15 C., survival of less

than 77 days revealed.

Achromobacter - Grows at low temperatures (0 C).

Azotobacter - Viability of 10 years on dried dextrin agar is

reported.

Malleomyces - At low temperatures of l=4 C. under vacuw 1, 25 moxuth

survival 1s listed. (c7)




Erwinia -~ Low RH alds survival in exudates.
#Microorganisms (General) (Table C 11) Generalizations on effects of

tewperature, freezing, drying are given, Better survival with cover-
ing of paraffin oil is indicated..
Wiycobacterium (Table € 12) In dried state reports vary from 6-12

months to 4«56 years and one report of 17 years following vacuum desic-
cation. In liquild . preparations, reports of several months to several
years are reported. On the various isoclation media, 4-8 month survi-
val up to 6 years is listed. ILow temperatures gave poor viability.
Drying gives good survival. low pH destroys but not too rapidly.
#Neissevia - (Table C 13) These organisms are very sensitive to drying
and sunlight. Under freeze-drying conditions, 4-5 years of survival
listed and up to 18 years in others. But in nature in sunlight only a
few nours may kill, Liguid sultures of the meningocoeccus at low tem-
perature (frozen) survive for months and up to 2 years. In serum, ié
month survival is listed. On solid medla it lives for 8-27 weeks at
low temperatures. The gonococcus survival is poorer except when dried,
4-5 years up to 18 years, In liquid media 7-8 week survival is listed,
pH of 7.4-7,6 allow best survival. On solid media, 8 month viability
is glven.

#Pasteurella (Table C 14) Dried macerials live 3 to 4 days when not

in sun, 3-4 hours in sun. When dried in lab for stock, 4=5 year sur-
vival obtained. Liquid materials of P. pestis may survive a few
months at freezing temperatures. 80lid media survival of 20~25 years
is reported. pP. tularensis may live for months in frozen conditions.
Other Pasteurella string have somewhat similar persistence character-
1stics.

#Protozoa and Metazoa

Entamoeba - Three day to 3 week viability in Ringerts and other

solutions and 10 days in gowdered starch medium,
c 8)




Plasmodium ~ In chicken red cell suspension, 72 hours without loss.

Trichomonas - survival of 4-13 days at 25-37 (. in media; at low

temperature, 2-3 week survival., Only & hours when dried,

ITrypancsomes - In blood agar tubes, various specles lived for 3-4
months at 285 C.g survival varied at freezing temperature of a few
hours to a few months,
Schistasoma ~ Ten to 18 day persistence in vitro in serum.
Leishmania - Four month persistence in blood agar at room temperature,
Ascaris - Freezing temperatures inactivated in 6«20 days; high
temperatures (60—70 C.) destroyed in a few minutes.
#Rickettsia (Table C lg) For lyophilizing, surcrose was found effective.
At room temperatures survival of a few hours to 1 week are recorded;
at refrigerator temperatures, 2 week viabllity is listed while at

freezing temperatures near -20 C, several month viability is found.

. With glycerol added, 10 month at =10 C. is reported.

#Salmonella species (Table C 17) When dried at natural temperatures

several hours of viability is found but lyophilizing allows viability
of 4~5 years or as long as 10 years. In liguld cultures, 3-4 weeks is
the usual report with ocecasional suggestion of 12 month viability., On
solid media survival of nearly 2 years on blood gelatin and 98 day
viability on gelatin are reported.

#8almonella typhosa (Table C 18) When desiccated, thin layers survived

=15 days and thick layers lived for months., In liquid media such as
saline survival over 6 days was found, at -20 C., 4% months are listed
and 10 years in tryptic digest. Resilstance to liquid air, ultra vio=-
let, heat and freezing are given. On solid medla, 91 day to over 8
month resistance was found. Other survival of 3 years to 8 years is
listed on artificisl media at room temperatures while lyophllized

strains survived for about 4 years.,
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#gerratia (Table C 19) Lyophilized strains lived for 4-5 years. In
liquid, marscescens may survive for 20 years. Cetrifugins destroyé'
cells as well as radiation from the sun.

#:i8higella (Table C 20) Desiccated organisms may live only 20~25 days,
but lyophilized cultures live for 4-5 years. Liquid or agar cultures
may persist for 3-5 years, The organisms may live at 37 C. for 2

weeks, Sunlight destroys cells in a few hours but cultures remain
viable for 900-1500 days in the dark,.

#Staphylococcus (Micrococcus) (Table C 21) pDried cultures have remained

viable for 30 years. Stock lab cultures on media sealed remained alive
for 11-12 years, At room temperatures, cultures remain alive for 1l3-2
years, Lyophilized strains were alive for 4-5 years. Exposure to
saline, freezing, vacuum drying, extrems freezing temperatures result
in lessened survival,

#8treptococcus (Table C 22) Dried cultures may live over 97 days btut

if lyophilized, viability of 4-7 years has been reported. Liquid cul=-
tures may live 30-60 days, if tissue added then lives 1l1l-12 months.

On solid media sealed tube cultures lived 1ll-1l2 years. Increased
hunidity over cultures lowers survival from 3 years to 8 weeks.
#Treponema (Table C 23) wWhen dried under varying conditions of humidity
and temperature, the cells were killed in several hours to several days.
survival at freezing temperature in media for several weeks to 2 months,
At sub~freezing temperatures survival of 1-3 years was obtained when
tissue added. Exposure effects of heat, pH changes and freezing tem-
peratures are given,

#Vibrio comms (Table C 24) Dried preparations survived 4 years. Ly-
ophilized preparations were viable for about 4-5 years. ILiquid cul-
tures lived for 4-5 weeks. On solid media lived under lab conditions

for 6 weeks to 20 weeks. Some agar cultures dried, lived only 2-1l1 days.,
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At extremely low sub-freezing temperatures, viability for over a year
was found,
’ #Viruses (Table C 25)

Herpes - Dried virus at -5 C. survived over a year; at 37 C. for
2 months. Lyophilized, survival given at 4 weeks only. ILiquid
preparstions at 37 C. for 100 hours and at 42.5 C. for 30 to 80
hours, UV radiation destroyed in 10 minutes. At -70 C. viabili-
ty of over 1 year was found.

Hoof and Mouth - In dried form survived high temperatures for

short periods. Ten day viability at room temperature is listed.
In ligquid preparations such as blood 2-5 days viabillity found; in
puffered lymph over 2 year viability, high pH and repeated freez-
ing did not destroy in 124 days. In solild media, 162 day survi-
val is reported.

Influenza ~ Dried in tale for 30 minutes destroyed virus. Lyophi-
lized, viable and infectious for 14 months., At =78 C. viability
of é months to 3 years is noted in broth plus tissue. At =20 C.
less than 6 month survival is recorded. Low pH was found to be
detrimental., Temperatures over 40 C. destroyed the virus quickly.

Poliomyelitis -~ When dry, 52 C. for 30 mimutes necessary for des-

truction. In glycerin, survival of 6 years is reported by one,
others report over 2 year survival in glycerin. Concentration of
glycerin and storage temperature are important. At 38 C., virus
destroyed in 7 days.

gmallpox - Dried and stored at 37 C., 80 day survival but at 4-% Ce
only 24 hour survival. In media, viable only 30 minutes at 35 C.
Vaceinia ~ Dried virus at 4 C, lived 12-18 months; 229 days when
dried, temperature not given; lyophilized, lived for 10 months.

In glycerin, at «70 C. 21 month survival, at refrigerator tempera-

ture it was avirulent in %2 ?o%ths. In lymph for 2 years; in
1




allantois at low tempersture, for 15 years. Dry lymph in troples
survived for 18 years.

Tobacco Mosaic - When dried it remained active for many years,

laryngotracheitis ~ The virus remained active for 3 years follow-

ing lyophilization and storage at 4 C.
Lymphogranuloma Inguinale - Ten month viablility has been reported

for the virus in rabbit testes in infusion broth at =78 C. At
37 C. viability of 2-4 days reported with 56 C. destroying in 10
mimites and «70 C. allowing viability for over a year.
Lymphocytic choriomeningitis -~ Frozen dried material at 5 C.

remained active for over a vear,

Meningopneumonitis ~ Viability for 3 years in broth plus tissue

at =78 C.
Encephalitis, 8t, louils - Frozen dried preparations at 5 C. were

active for over 833 days. At 40 C. and pH 8.4, 3 week viability
was found. Heat at 56 C., for 30 minutes necessary for destruction.

Encephalitis, Jab B - In tissue plus serum at -20 C., 6~12 month

survival reported. pH levels above 7 inactivated the virus rapidly,
60-70 C. destroyed it in 10 minutes.
Encephalitis, equine -~ Acid pH inactivated it readily as 4id alka~

line pH levels.

Enteritis -~ At pH 7, the virus survived only 20 days.

Measles - In 50# glycerin, the virus existed for at least 3 months,
Mumps - At =20 to 30 C., the virus was viable for only 6 months or
less. Acid and alkaline pH levels inactivate readily.

Newcastle « In 504 glycerin at pH 7oé, the virus was viable for 95
days at 25 C, and at 5 C. was viable for a year. At 37 C., one
report lists 126 days of activity.

Psittacosis - Viability in broth for 29 days at lab temperatures,

while at -70 C. for over ? years active virus was present.
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Rabies - The virus is apparently quite stable, surviving 56 C.
for an hour, =185 C, for 3 months and living at 25 C. for several
weeks, Extraction with ether at -65 C. still gives active virus
after 1 year.

Coxsackie - Temperatures of 53-55 C. for 30 minutes inactivate.
Acid and alkaline pH levels inactivate in 1 day.

Yellow Fever - Aqueous suspensiorsare viable for 10 days, with
glycerol, 8 months viability is found. Dried and frozen the
virus is active for years.

Cowpox - At sub-freezing temperatures survival of 1-4 days is
revealed,

Rinderpest - Desiccated virus viable for 15 days. In tissue at

4 C, over 4 month survival.

"Cold" virus - At 4 C., the filtrates are active for 3 days, at
10 C. for 27 days and at =76 C. for 2 years,
#Yeasts, Molds and Fungi (Table C £6)

Actinomyces ~ Dried cultures survive from 1l-5 years,

Saccharomyces - When dried the cells are qulte resistant. Ten

month survival in plaster of paris. Lyophilized cultures were
viable for 1-2 years. In liquid cultures survival of 5 weeks to
over 160 weeks at «15 C. are reported. In 104 sucrose, 8~10 year
viability found. On solid media at =70 C., survival of a week is
listed. At «10 C. over a year survival 1s reported while at 37 C.

5 month viability was found., Some grow at refrigerator temperatures.

Aspergillus -~ At sub-freezing temperatures survival of 4 days was

observed, while at 7 C. on agar over 24 year viability was found.
At 25 C., in the dark, 6 year storage was reported for one while
cthers lived 10-15 years,

Epidermophytes -~ Survied for several weeks at sub-freezing tem-

t .
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Blastomyces ~ Over 20 months at 25 C. on agar covered with oil.

Candids - Survival of 20 months at 25 C. on agar covared with oil.
Coceidioides - n agar at 25 C., survival of 20 months when

covered with oil.

Cryptococcus - Recovery of 20 months on agar slants covered with

oll stored at 25 C.
Nocardia - 20 month survival observed.

Streptothrix -~ 420 day survival reported.

Others « Many fungi such as Penicillium, Rhizopus and others sur-

vived over 2% years on agar at 7 C.
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SURVIVAL OF ORGANISMS IN FOOD

One of the main avenues of invasion of disease producing
organisms and toxins 1is by the oral route., Many, but not all,
pathogens can infect this way and not all of those that enter by
that route are true intestinal pathogens in the strict sense of the
word. Poliomyelitis virus would be an example.

Food such as green vegetables and fruit may get contaminated in
the gardens from fecal material or handling. If eaten raw without
proper washing the organisms of typhold, dysentery and certain para-
sites of protozoa and worm types may cause infection.

One of the major methods by which pathogens get into food is
by improper, unsanitary methods of handling. In one way or another,
the organism in fecal material or other excrete get from humans or
enimals into the food. Very few withstand mild heat, Proper cooking
would destroy all of the potential pathogens.

In some instances, the pathogens are present in animal materials
used as food. That 1s the milk, milk products or meat may contain
animal pathogens with which the animal is infected, Some of these
pathogens may also infect humans, If the organisms persaist in the
milk products which are not treated by pasteurization (milk) or
proper cooking as in the case of meat, the infection may occur.
Sometimes the pathogens transmitted by the milk or meat are from the
food handlers and not from the animals at all,

A few of the potentlial pathogens may actually grow in the food.
This increase in numbers of organisms may result in such numbers.as
to cause "food poisoning® when eaten. Examples would be Salmonella
organisms. A few such as the 8tsphylococeus and Cl. botulinum or-
ganisms produce toxins in the food which also cause *food poisoning®.
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The factors affecting survival of organisms in food may be
grouped as to (1) food factors affecting and (2) organism factors
affecting.

Food Factors Affecting:
The general type of food product will affect the survival of

any organism in it, Particular characteristics would be: (1) amount
of moisture present to allow or prevent multiplication of the or-
ganism; (2) presence or absence of antagonistic organisms; (3) the
use of the food by the organism as nutrient inecreasing the number

and for producing detrimental end-products for survival; (4) the

pH of the food; (5) the presence of inhibiting quantities of sugar,
salt, spices or other preservatives; (6) the temperature under

which it 1s stored; (7) if frozen, the rate of freezing and (8) the

amount ol light or radiation,

Organism Factors Affecting:

An organism may survive or persist in foods for varying lengths
of time depending upon (1) the inherent resistance of the genus and
species under test; (2) the particular strain of organism studies;
(3) the presence of a protective stage of the organism such as a
spore; (4) the presence of a protective covering on the cell, such
as & capsule; (5) the age (in the growth curve) of the inoculunm;

(6) the numbers of organisms inoculated; (7) the ability of the
organism to multiply in the food under the conditions presented.
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SUMMARY

¥ upacillus (Table F 1) Bacillus anthracls was found to survive in milk

for 10 years, was present on oats and on corn roots for 50 days and
beans for g~ll days. Other Bacillus species were found commonly in
margarire and to survive on fruit for long periods at low temperatures.
#Brucells (Table F 2) In milk the bovine strain lived for 5-10 days.
In sheep milk persistence of 22-40 days was observed at refrigerator
temperatures, 1In dairy products such as butter, 142 days survival and
with cheese, 1-2 months most common but as long as 1 year was listed.
Jce cream kept for 5~7 years at =23 C. still had Brucella present, In
unsmoked ham survival of 21 days was reported. Brucella survive for
an hour in wines and up to 3 days in beer,

#Clostridium (Table F 3) The organisms are present in cheese and

other milk products, on vegetables, meats and on fish, usually in the

spore states, Clostridium botulinum was able to exist for over 2

years on vegetables at -16 C. as well as a large variety of foods at
similar temperatures. Low pH inhibits the organisms as does high
temperature, .

#Coliforms (Table F 4) The organism may be present in milk and dairy
products for long periocds depending on pH and temperature. Sone
cheeses harbor it for 12 months or more. In frozen eggs B. coll re-
covered, even after § years, It 1s present in sea foods and may live
in sausage for 13 days. Vegetable surfaces may have the organism on
for long periods. Storage at -4 F, allowed survival for a year., Fruit
surfaces are also contaminated and can live for 2-4 months at low tem=-
peratures. Beverages such as mllk and beer may have the organism
present,

#Micrococcus (Table F 5) Micrococcus species were present in milk,

eggs, meat, sauces, on vegetables and fruits., Some 564 of margarine
(F 3)




samples had Micrococcus species present., In eggs at -9 C. survival for
1l year 1s listed. In meat,survival of over %o days at 22-37 C. was
Teported. Bouwe survival of 16~144 hours in mayonnaise wes found even
at low pH. On vegetables at =17 C. 8 month survival is reported.

Fruit at =18 C. contained organisms for 6 ménths while Julces at -4 C.
lost viable counts at 50 hours,

#Microorganisms (Table F 6)

Corynebacterium - In frozen cream for over 4 days, butter for 1

month and sausages for 24 hours.

lactobacillus -~ Present in milk for long periods and on peas for

over 2 years at 15 F.; in butter for 275-462 days.

Rickettsia - In mllk for at least 24 hours and probably 7-30 days.
Cheese for 46 days and butter for 41 days.

Achromobacter - Viable in butter for 239 days.

Bacterium linens - 4 month survival in cheddar cheese at low tem-

perature and pH.

Trichinella - In pork, survival for a few minutes to 36 hours at

sub-freezing temperatures,

Pasteurella tularensis - Present in grain and food contaminated

with rat excreta.

Pseudomonas - On plants for 69 days.

Proteus - In frult julices at sub-freezing temperature for almost

a month.
#Microorganisms (General) (Table F 7) The general effects of low tem-

perature in keeping bacterial flora of milk and mllk products low are
given. 8imilar reports are given r'or eggs. Temperature and humidity
effects on survival in meat are shown as well as temperature reduction
of organisms in fish. Organisms were present in frozen vegetables for
over 4 years at -~18 C. Temperatures or'és-ao Ces did not destroy or-

ganisms, Low temperature and ?giig soll plus organic matter allow
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pathogens to survive, On frult surfaces many organisms may be present,
They survive at low temperature for long periods up to 3 years. Low
PH destroys them rapidly.

#Mycobacterium tuberculosis (Table F 8) In milk, survival of 10 days

to & years is listed. ILow temperature allows long survival., Sour
milk destroys organism., Temperatures of 60-80 C. kill rapidly. In
dairy products at 15-22 C., 2-30 day viability 1s listed depending upcn
PH. Cheese may harbor the organism for 2 weeks to nearly a year de~-
rending on type (of cheese), Ice cream kept for 4-;% years ylelded
live organisms. The organism survived pasteurization in butter.
Several reports on food suggest that fat protects organisms.
¥Salmonella specles (Table F 9) The major proportion of reports on
organisms in food dwells on Salmonella species. In milk, Salmonella

types may survive at refrigerator temperatures about 170-324 days.
Many experiments with lowered pH show decreased survival., At pH 4,7
for ll~%5 days and pH 4.2, no survival, Different species and strains
vary as to sensitivity to acid. Sterile milk plus Salmonella give
good survival suggesting antagonism may destroy them. In dairy pro-
ducts such as butter 117 day survival is suggested, for curds only
48-96 hours, for ice cream about 6~7 years at -3 C., in butter 49 to
212 days, buttermilk for 10-15 days, cheese for 24~30 days or even to
6-10 months, depending on the speciss and inoculum size,

In eggs at -1 to «~18 C., some 1l month survival reported, while
dried egg at 35 F. allowed viable forms at‘é5 weeks. Egg albumin was
contaninated almost always and the organisms lived for 20 days at
120 r,

In meats of all types, Salmonella were present in some 1 to 264
of samples. In chicken at =25 Ce., 270 day survival is listed. In
corned beef, 60 day viability 1s given. In oysters, 4 to 24 day sur-

vival 1s given. In other sea f;ogg 4~40 day survival was found at




low temperature.

In sauces such as salad dressing, survival of 1 to 144 hours was
found. 1In cereals and breads 4%-6 month survival, On vegetables
Salmcnella may stay for a few days to several weeks at body and re-
frigerator temperatures or up to 25~31l days at room temperature,
Several reports suggest 200 day-~d year persistence in canned vegetables.
In frozen foods, 12 week survival., On greens for salad, 12 hour to 21
day survival has been observed. In or on fruit these organisms live
for a few days in low pH juices or as long as 1l-3 months in frozen
fruit or for 68 days on surfaces. In beverages survival of Salmonella
may be for 38 days or more in cold beer or for 1 hour in wine,
#ghigella species (Table F 10) In milk at refrigerator temperaturs,
18-27 day survival is listed with 53 days in pH 4,8 milk but only 3

days at lower pH. In milk products survival varies from curds with no
survival to butter at 18 day viability. Cheese may harbor the Shigella
for 9 days. Eggs may be contaminated for 3 months at -9 C. Meats con-
tain viable organisms for over 3 weeks, Cereals and bread may have
Shigella present for 1 day up to 45 days with decreasing temperature.
Frﬁit have been contaminated for 2-10 days.

#8treptococcus species (Table F 11) Some of these organisms are quite

common in milk, but length of survival spparently is not too long. Re=-
ports suggest 8-48 hours in fresh and sterilized milks. In dairy pro-
ducts pyogenic streptococel have been found for varying periods such
as in cheese from 9 days to over 18 weeks depending on type of cheese
and in butter for 17 days. Other streptococel may exist for E months
in butter. Ice cream may be contaminated for 12 hours to 18 days.

Eggs may contaln these organisms for a few hours while meats have been
harboring them for 13-60 deys. Frozen vegetables may have strepto-

coccl in them for a years
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#Vibrio species (Table F 12) The cholera organism survives in milk
for short periods of a few hours at room temperature to 8 days in
sterilized milk. 1In dairy products such as butter, viable organisms
have been found for 2l-over 98 days with low temperatures extending
the period of survival. Cheese does not allow very long survival with
reports varying from 8 hours to 4~5 weeks, Curds and whey showed poor
survival. 1In fish eggs,the vibrios lived from 12 hours to over 8 days
at low temperatures., The organisms were present in various fish and
meat preparations for varying periods. In fish,the usual survival was
for a few hours to a few days., When salted and/or at low temperature
low viability was found in fish. In meat a report of 45 weeks was
found but another report suggested 2 weeks at 3-8 C and 7-10 days in
hot weather. The vibrios survive in sauces from 1 hour to about 24
hours. In cereals, 8~15 hours and on vegetables, for 4-5 weeks; on
fruit as long as 4 days are also reported,
#yiruses (Table F 13)

Poliomyelitis - The virus resists heat in milk better than in

water. In butter, 9l day viability was observed. The virus was
found on fresh fruit and vegetables.
Foot and Mouth -~ The virus has been found in milk. It exists in

beef at -4 C. for 24 hours and at -20 C, for 4 months, Some re-
ports of its presence on cereals suggest 4~20 week persistence.
Newcastle - In eggs, survival of 125-538 days 1s listed. At 5& Ce
over 100 days and at 3;8 Ce over 500 day survival was found, In
masq,ss to over 538 day viability was observed., At pH 5 and 37 C,
56 days was the extent of persistence while at pH 5 and 3-6 C.
over 500 day existence of virus was observed.

Fowl Pox -~ In dried eggé,survival of 1928-3598 days (10 years) is

reported.
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Encephalitis, Jap B - In eggs et 4 Ce only 6 hour survival was

found.

Pigeon Pox -~ In dried eggs,viability of 1099~3605 days has been

demonstrated,

*Yeast and Mold (Table F 14) Yeasts are reported in milk and in
margarine (46% of samples). Vegetables contain yeasts after being
frozen but 90# are destroyed. Yeasts survive for 7 months to 3 years
on or in fruit at low temperature. In foods, in general, yeasts survive
3~15 months,

Molds or fungl may be found in 42% of margarine samples. In or on
vegetables they may live for 16 months but 90¢ are destroyed by the
freezing process,

On fruit or in fruit juices at low temperature, viability of 7

months to 3 years has been demonstrated.
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SURVIVAL OF ORGANISMS IN OR ON INSECTS

iii The duration of survival of potentially pathogenic
saprophytic organisms in or on insects cf various types
considerable interest. Some Insects have been found to

important role in the transmission of certain diseases.

as well as
hag received
play an
Below 1s

glven a classification of arthropods and the dilseases in which

they play an lmportant medical role. The common names for the

Insects are given within the parentheses and the list of diseases

in which the particular inseets play a role are capitalized.

CLASSTIFICATION OF ARTHROPODS OF MEDICAL IMPORTANCE

PHYLUM-ARTHROFPODA
I. Class - Insecta (Hexapoda) = 1nsects
A. Order - Orthoptera (cockroaches

Be. Order - Hemiptera (true bugs)

l. Triatoma spp. (reduviid bugs) - CHAGAS DISEASE

2. Bedbugs
Ce Order - Anoplura (sucking lice)

i, Phthirus s (pubic or crab louse)
2. Pedlculus humanus capitis (head louse)

3. Pedicuwlus humanus corporis (body louse) = EPIDEMIC
RELAPSING FEVER, EFIBEHIG TYPHUS AND TRENCH FEVIR.

D. Order - Coleoptera (beetles)
E. Order - Siphonaptera (fleac)

1. Xenopsylla cheopis (rat flea) - PLAGUE, ENDEMIC TYPHUS.
2. cfenoceﬁﬁal des canls (dog fleas) - DIPYLIDIASIS and

3. [Tunga penetrans (Chigoe flea),

F. Order - Hymenoptera (bees and wasps)
Ge Order - Lepldoptera (butterflies and moths)

(I 1)




He Order - Diptera (flies & mosquitoes)

%

10.
1l.
12,

LIETA

Anopheles sppe. (mosquitoes) - MALARJA and FILARIASIS

8X spp. (mosquitoes) - FILARIASIS and ENCEPHALITIS
Acdes spp. (mosquitoes) - YELLOW FEVER, DENGUE FEVER,
and FII ARIASIS

Mansonia sppe (mosquitoes) - ENCEPHALITIS and FILARIASIS

Culiseta spp. (mosquitoes) - ENCEPHALITIS
He$%§§gg§ spp. (mosquitoes) - JUNGLE YELLOW FEVER
v spp. (black flies) - ONCHOCERCIASIS
Phlebotomus spp. (sand flies) ~ SANDFLY FEVER, VERRUGA
A and LEISHMANIASIS
Culicoides spp. (biting gnats) - MANSONELLIASIS, and
KACANTHOCHEIL ONEMIASIS
Chrysops spp. (deer flies) - TULAREMIA and LOIASIS

0ossina spp. (tsetse flies) - AFRICAN SLEEPING SICKNESS

Hippelates spp. (eye gnats) - YAWS

JTI. OClass - Arachnida

¢ A. Order - Acarina (ticks and mites)

le
B,

3
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Ornithodorus sppe. (soft ticks) - ENDEMIC RELAPSING FEVER

permacentor spp. (hard ticks) SPOTTED FEVER, TULAREMIA,
D CK FEVER, and TICK PARALYSIS

Ixodes spp. (hard ticks) - RUSSTIAN SPRING-SUMMER

ENCEPHALITIS

Rhipicephalus spp. (hard ticks) - FIEVRE BOUTONNEUSE

and KENYA HUS

Trombicula spp. (mites) - SCRUB TYPHUS

Allodérmanyssus 8pp.(mites) - RICKETTSIALPOX

L

+ garcoptes spp. (scables mites) - SCABIES
Bdell

ellonyssus spp. (tropical rat mites)
Eufromﬁ%cﬁIa spp. (chiggers)
Yemodex spp. (follicle mites)
culoides spp. (grain itch mites)

Bs Order -~ Araneida (spiders)

1.

latrodectus spp. (black widow spiders)

C. Order - Scorpionida (scorpions)

There are some 10,000 kinds of mites, ticks and insects whieh

affect man with bites or allergic reactions and infect man with one

or another type of disease. Some of these "insects™ carry disease

by aceident or only occasionally. Some of the diseases are not

directly man to man through insects but may be carried among

cattle and other livestock as well as wild animals, then from these

reservolrs back to man.

(I 2)
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Some insects are considered only as mechanical carriers. This
is where tley walk over infected material and/or eat the contaminated
materials and then transfer the infectious orgailsm by defecation,
vomiting or merely crawling over food or susceptible host, Other
insects act as mechanical vectors by picking up organisms when
biting an infected human or animal and carrying on itself until it
bites a new hoste.

A different and more complex relationship exists in some insects
where the organism grows or multiplies in the insect and then is
trensmittede In certain insects the organism may go through the life
cycles and continue to be infectious following defecation or vomiting.'
In a few instznces the parasite may go through a portion of its life
cyele in the insect before becoming infectious for humans or animals.
This type of relatlonship is difficult o assess in survival and
persistence studies undertaken here.

The organisms carried by insects may be viruses, bacteria,
fungi, protozoa end even the larger roundworms and tapeworms. Some
are transmitted by the insect. Experimentally, some insects have
been contaninated with organisms and the rate of survival studied
but under field conditions the organism may or may not ever bte
found to be associated with insects in general and the one under
study in particular.

The following tables list numerous pathogenic and saprophytic
organisms found associated with insects. For the most part, data
on medically important mieroorgenisms are presented, In some cases
organisms closely related to the pathogens have been included for
comparative purposes. Wherever exact data on inoculum size and
recovery rate in experimental studies were available the information

was recorded., Experimental transmissions or survivals have been
(x 3)
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noted as such (exptl.). Where studles vere made under field
eonditions and the organism was found, recovery has been recorded
as "present®", Where no numerical figures or quantitative studies
were avallable and the organism was found, recovery has also been
recorded as "present! In some instances studies were made to see
if the 1lnsects could'transmit a particular disease orgonism, If

the results werc positive 1t has been recorded as "transmitted®.

Factors of Nature Affecting:

The climnte, namely temperature and relative humidity play
a role in survival of some organisus on Insects. Low RE and high
tempernture adversely affect many orgonisms., The seasons of the
year as well as rainfall are important. Some diseases are not
important in certain areas because the insect vectors cannot
survive or live there, Certain factors such as presence of food
and favorable climate as well as intermediate hosts are important
in the survival of the insect as well as the organism,

Factors of Insect Affecting:

Insects vary in their importance as vectors of pathogenic
organisms because of their living habits. Some do not live near
places where the organisms exist, Others while living close to
humans and their organisms do not feed on contaminated material
whether it be food, excreta or by biting or sucking on infected
hosts. Thus, they do not play an ilmportant role as vectors. Soume
organisms are carried by some insects for varying periods but are
not transmitted for various reasons such as the numbers might be
too small, or the organism must be tronsmitted into the blood
stream and the insect does not bitg,or the organism is not in the

biting-parts. Some insects do not provide proper food or conditions
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for survival of the orgonism. It might contain antagonistic

chemicals as well as other antagonistic organisms which would

prevent survival,

Factors of Orgenism Affecting:

The inherent properties of an individual genus, species and
strain may determine whether it survives in or on a particular
insect for any length of time. Presence of a spore or capsule or
other resistant cell components help in survival or persistence
of the organism. Some cell walls are more resistant to the drying
conditions of air and aid in persistence of the organism when on
insects. Other orgonisms can grow in insects thus providing
greater numbers and longer survival., Others may resist insect
digestion and antagonistie organisms for survival while others

maxr
v

nags into new gencrations by transovarlan passage.

SUMMARY
##Bacillus (Table © 1) The important organism of this group (B.
anthracis) was studied in bedbugs, beetles, cockroaches, flies and

ticks. It was found present in bedbug feces, experimentally it
remained in stomach and feces for 24-96 hours. In beetles the
organism was reported present as was true for cockroaches. The
organism was found present and could be transmitted by flies, passing
through the life cyele. This was true also in ticks, the organism
being in feces for at least 100 d.

s#porrelia (Table I 2) Organisms of this group are reported in bed-
bugs, lice, reduviids and ticks. Experimental studies with bedbugs

indicated survival in but no transmission by bite. 1In lice B. re-
currentis existed for at least 19 days and could be transmitted bys

Pediculus corporis. In triatoma B. duttoni lived for 6 days. Much
(15)




work was done with many species of ticks and with several types of

Borrelis. B. recurrentis lived for 5-6.5 years in Ornithodoros.

species and could be transmitted by numerous species. Other
Borrelia are reported as present and transmitted by Ornithodoros,
Rhipecephalus and Argas genera.

#4#Brucella (Table I 3) Reports are present on bedbugs, cockroaches,

fleas, flies and ticks. Bedbugs were host to the organism for over

3 months but not transmitted by bite. They lived for only 24 hours
in roach feces. Organisms were found present in flea feces but not

transmitted., Flies harbored the organism for over 96 hours in the

gut, In ticks, the Brucella organisms lived for over 3 months passing

through to eggs and larvae and being transmitted by bite.

##%Clostridiun (Table I 4) Studies were made on beetles and cockroaches,

Cl. tetani and Clostridia of the gas gangrene group were reported
present in the feces of selected beetles and roaches,

#9Coliforms™® (Table I 5) Findings are discussed for beetles, cock-

roaches, and flies. Most reports indicate coliform organisms
(E. coll, A. aerogenes and paracolon organisms) present in the insects

listed with transmission by the Periplaneta americana roach. Particu-

lar interest was shown in flies where growth in the flies was reported

and increased numbers in unsanitary areas.

¥Rgorynebacterium (Table I 6) Studles are reported on these organisms

in beetles, cockroaches and flies. Diphtheroids were found in

beetles and roaches while the diphtheria organism was observed in the
intestinal tract and on legs of roaches. Experimental survivals in
flies suggested survival of a few hours on legs and wings to slightly
over 24=-50 hours in the intestinal tracte.

##Diplococcus (Table I 7) The diplococcus of pneumonia was reported

present in cockroaches, fleas and in lice. It was reported present
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on legs of roaches, in feces of roaches, fleas and lice.

#sand Streptococcus (Table I 7) Various streptococcus species were

:’

found in cockroaches, flies and reduviids. Reports are on §. fecalis,

equinus and pyogenes as being present. Transmission of 8. fecalls by
triatoma is indicated.
WwFungl , Yeasts and Molds (Table I 8) Brief data is presented on these

microorganisms in cockroaches. Experimental inoculation of torula
suggested recoveries up to 6 days.

@lalleomyces (Table I 9) Studies on beetles, cockroaches, fleas,

and mosquitoes are listed. It is reported present in feces of all
but mosquitoes. In fleas survival is given at 50 days with transmis-
sion for M. pseudomallel with transmission also listed for Aedes

aeﬂ Eti .
#licrococcus (Table I 10) Brief notes are made for the presence of

various Mierococcus species in beetles, cockroaches, flies, lice,

mosquitoes and tiecks., Survival studies are listed for Staph. aureus

in the gut (8 days) and feces of flies at 3-5 days. Staph. citreus

passed through the life cycle and lived for 9 days.after maturity.

Lice were able to transmit Micrococci. Staph. aureus lived for at

least 24 hours but not 7 days in the gut of Aedes segypti.

axicroorganisms (Table I 11) This section contains a few isolated

reports on several gram negative organisms inecluding Klebsiella,

Proteus, Pseudomonas, Serratia and Neisseria.

Klebsiella -~ found to be present in feces of beetles and roaches.
Proteus ~ present and transmitted by roaches; present in flies.
Pseudomonas -~ present and transmitted by roaches; present, passes

t?rougn life cycle of flies and transmitted by
flies.

Serratis -~ experimental throughout life of roach; exptl. in flies
- lived 4~5 days 1in crop, 18 days in intestines but only
one day in pupae of Musca domestica.
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s4ycobacterium (Table I 12) Reports are listed on the presence of

M. tuberculosis in beetles, cockroasches, and flies; and for M. leprae

in bedbugs, cockroaches, flies, lice and mosquitoes. The studiles

with M. tuberculosis reveal it to be present in beetles, present for
2-5 days and transmitted by roaches, present in flies, survive 13
days in flies intestines and feces and to be transmitted by flies.
M. leprae (or similar organism) 1s reported to be present for S-ié
days on and in bedbugs, to exist up to 169 days in roaches, to be
present in the stomach of fleas and to live for several days in
flies and mosquitoes as well as being found in lice,

##pasteurella (Tabla I 13) Various insects including bedbugs, fleas,

flies, lice, mites, mosquitoes and ticks have been recorded as

harboring Pasteurella organisms for varying lengths of time. The

important organisms are Pasteurella pestis of plague and Pasteurella

tularensis of tularemia,

P pestis - The insect of importance is the flea. History has
recorded its role in the transmission of plague from rat to man,
Representative reports reveal 1ts survival and growth in fleas with
survival in the flea for periods up to 21 days and 4-5 weeks in
flea feces., The organism was also found Iin ticks and to be transe
mitted by ticks,

P. tularensis - In bedbugs survival was for 136 days with
transmission., Fleas were found to contain the organism and transmit
it as well. The same was true for certain flies, lice, mites and
mosquitoes. Tularemia is transmitted more often through ticks. The
organism survived in Ornithodoros for 574-701 days, was able to sur-
vive the l1life cycle of DNermacentor and could be found in Ixodes.

#:Protozoa and Metazoa (Table I 14) Data are presented on bedbugs,

cockroaches, flies, lice, mosquitoes, reduviids and ticks.

Irypanosomes =~ reported t??ng?itted by bedbugs, transmitted by




flies (Glossina species) lice, mosquitces asnd reduviids with survival
,qr‘ in the triatoma for 2-6 days,

Leishmania ~ found to be present and transmitted by flies
(Phlebotamus) and survived in reduviids for one day with 25 day sur-
vival in ticks plus transmission.

Endamoseba ~ present in roaches for 72 hours, present in flies
for short periods (2-3 days) at most.

Glardia - found in roaches and survived up to 12 days experi-
mentally, also present in flies for a few days.

Chilomastix - present in flies,

Endolimax -~ present in flies

Yorms - hookworm found in roaches and flies, tapeworms reported
in roaches, roundworms present in roaches and flies.

Filaria - present and transmitted by mosquitoes.

Plasmodia ~ in mosquitoes with survival and transmission given
under varying conditions of temperature and relative humidity in
various mosqultoes,

Babesia -~ present and transmitted by ticks.

##Rickettsia (Table I 15) Studies on Rickettsia in insects were limited

to a few reports in bedbugs, fleas, lice and mites with many reports

on ticks. Rickettsiae were found to be present in bedbugs, survive
from 24 hours to 10 days but not to be transmitted. Rickettsia of
typhus fever were found present in fleas, could survive up to 52 days
within the flea and be transmitted. Survival studies of Rickettsla in
lice and louse excrement are reported with persistence for 10 days to

4 months, In feces under varying conditions of temperature and
humidity the Rickettsia lived for 11-12 days up to 147 days and could
be transmitted to susceptible animals. Typhus fever and other Rickett=

sla were present naturally and could be transmitted by numerous types
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of mites. Data presented on survival and persistence in ticks are
extensive, Typhus fever, rocky mountain spotted fever, bullils fever
and Q fever Rickettsia constitute the major reports. R. rickettsi
1s reported surviving 345 days. It is present in numerous types of
ticks naturally and experimentally transmitted to susceptible animals,
Other rickettsia (RMSF) pass through the life cycle and may survive

over 1000 days in ticks., Coxiella burneti is reported present and

transmitted by ticks surviving 600-900 days and being transmitted

400-700 days. In tick feces viability up to 588 days is listed.
##Salmonella (Table T ié) These orgailsms are reported from bedbugs,

cockroaches, fleas, especially from flies, and in one or two reports

from lice, mosquitoes and ticks. Their importance is in intestinal

diseases where the organisms may be deposited on food in feces
primarily, In bedbugs experimentel survival is noted for 2-3 weeks
without transmission. A number of papers on cockroaches reveal
Salmonella to be present naturally and to be transmitted. Experi-
mental findings suggest survivals from 7 days to 42 days with survi-
val within the body and in the feces. Reports on experimental work
witn fleas indicate 96 hour survival in the body, less than 24 hours
in the feces but transmission was possible. One report revealed
natural presence with transmission. Salmonella of typhoid fever

were present in fllies. Experimental survival and transmission could
be followed up to 23 days. O(ne report suggested multiplication of the
organism in the gut., Experimental results on survival of other Sslmo-
nella revealed persistence from 10 days up to 4 weeks. Salmonelle
were reported in lice. 1In mosquitoes survival of Salmonella experi-
mentally was for 1 hour in one finding but with a different organism
and mosqulito a 3~4 week persistence is reported. In tick feces one

Salmonella species survived for 35 days.
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##Shigella (Table I 17) One brief report on ants suggests survival on
& feet for 24 hours. All other reports are on flies. Several Shigells
species are reported as present with survival for 5-11 days. One

report suggests multiplication of §. dysenterise in the hous~ fly,.

##gpirochetes (Table I 18) Two papers report Treponems pertenue to

be present in and transmitted by flles. One report is on experi-
mental survival of leptospira in Triatoma,

4Tibrio (Table I 19) Reports arec available on the survival of the
cholera vibrio in cockroaches and flies., Persistence for 79 hours
in roach feces 1s listed. The organism is reported as present in
flies with experimental survival for 30-48 hours,

#8471 ruses (Table I 20) Studies are listed on bedbugs, cockroaches,

flies, lice, mites, mosquitoes, reduviids and ticks.

Yellow Fever - present 1n bedbugs for 2 days; in mosquitoes

where nature and history have shown transmission to be importants
survival of 39 days in Culex with transmission, presence and transe-
mission in Haemogogus, in Aedes survival throughout life of mosquito
(approximately 200 days) is reported with the virus present in
nearly all tissues, The virus was also found to survive in Triatoma
for a week but without transmission. In ticks survival lasted
about 6-23 days but was not transmitted by bite of tick,
Lymphocytic Choriomeningitis - Experimentally survived in

bedbugs for a few minutes (10) to 85 days. It was found in cockroaches
and experimentally survived in and was %ransmitted by mosquitoes. The
same was true in ticks.

Poliomyelitis - The virus was found present, survived from 1-15

days in experimental studies in roaches with excretion for at least
two weeks, In flies the virus is probably present in nature., Ex-

periments suggested survival of £ days to 3 weeks in different
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species with possible transmission reported., Survival of 3 weeks
in mosquitoes is revealed.

Coxsackie - In cockroaches experimental persistence and trans-
mission up to 15 days is suggested.

Mouse Encephialitis - A period of 7 days for survival in roaches

is given for experimental results,

Eastern Equine Encephalitis « The virus was found present in

lice and mites. The mosquito is the important vector with the
virus being present in numerous species of Aedes. Transmission up
to 2 months was reporteds The virus was also found to be experimen-
tally transmitted by ticks,

St. lLouis Encephalitis - Reports indicate its presence in mites

with transmission. Aedes, Culex and Anopheles mosquitoes were found
able to harbor and to transmit the virus.

Western Equine Encephalitis - This virus was found in mites.

Experimental findings revealed transmission by various Aedes and
Culex mosquitoes. Also reported is transmission by Triatoma.

Jap B Encephalitis - Reports of experimental transmission in

Culex and Aedes showed survival from 15-91 days.,
Venezuelan Equine Encephalitis - Transmission was revealed for

Anopleles, Aedes and Mansonia species, Survival for 17 days was noted
in Triatombut no transmission.

Rift Valley - This virus 1s reported as being present in mosqui-

toes and of being transmitted.

Russian Spring and Summer - Ticks are able to harbor the virus for

varying perlods up to 40 days with transmission by Ixodes and Ornitho-

doros.
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Dengue -~ The virus survived for periods up to 174-200 days in
"r mosquitoes. Low temperatures and serial passage lowered infectivity.

Colorado Tick -~ Thig virus was found present in Dermacentor

and could be transmitted.

4% Headings for major groups of organisms.
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THE EFFECT OF PRESSURE ON THE PERSISTENCE (SURVIVAL) CF ORGANISMS

Small amounts of pressure do not affect microorganisms particu-
larly, but uay increase the. rate of some chemical reactions. If
"super-pressures® in the order of 5,000 atmospheres are applied, the
pressures are able to denature proteins, kill bacteria, inactivate
viruses and detoxify toxins. The temperatures necessary for such
activity are not raised above 20~25 C.

SUMMARY (Table P 1)
#Escherichia coli - Some 5,000 atm., of pressure destroy the cells in

45 minutes. When exposed to approximately 500 1lbs/sq.in. of argon,
nitrogen, nitrous oxide or carbon dioxide, some destruction of the
cells occurred. Pressure at 5,007 1lbs/sq.in. affected the rate of
disinfection,depending upon the temperature. When 1,000 lbs/sq.in.

of pressure was applied to cultures at temperatures below 37 C., growth

D
6]

was retarded but accelerated above 37 C.

#Aerobacter aerogenes - Very high pressures of 100,000 lbs/sq.in.

destroyed in 4-5 minutes, while 50-65,000 destroyed in 10 minutes and
30-45,000 killed in 1 hour,

#Salnmonella - These organisms were destroyed at 5,000 atm. of pressure
in 45 minutes,

#Bacteriophage - Some strains are destroyed by 4500 atm., while

others are not.

#Viruses - Rabies, herpes, yellow fever, foot and mouth, encephalitis
and smallpox viruses were exposed to pressures of 3000 to 7000 atm.,
with resulting destruction in 30-45 minutes. S8Some differencesin
susceptibility are noted.

#Mold and Yeast - Pressures of 30-35,000 and 85,000 1b/sq.in. were

tested with resulting destruction in 5 minutes~l hour,

#Bacteria, General - Vegetative cells may withstand 6,000 atm. for 14
(P 1)




hours, while spores withstand 12,000 atm. for the same period. Marine
bacteria may remain viable under 400-600 atm, at 30 C. for 4 days.
#Streptococcus ~ Exposed to 30-100,000 1lbs/sq.in, these organisms

survived for 4-5 minutes at the high pressures and 1 hour at the low
pressures.

#Micrococcus ~ Some 3000 to 6000 atm. of pressure were tried on these

organisms with recovery at 45 minutes with the lower pressure but not
at 6000. Other experiments showed that 5000 atmospheres destroyed the
organisms in 45 minutes as well,

#Mycobacterium - At 3000 atm., the cells survived 45 minutes but not

with 600@atn, of pressure.

#Pasteurella - When exposed to over 2000 atm, of pressure, survival

of 30 minutes was obtained.

#Serratia - At 3000 atm., the cells lived 45 mimutes but not with
6000 atm. wWhen subjected to 30~-100,000 1lbs/sq.in., survival of less
than 1 hour was observed.

#Corynebacterium ~ These organisms were destroyed by pressures of

40~-45,000 1bs/sq.in.

#Diplococcus ~ Pressures of 5,000 atm. destroyed the organisms in

45 minutes,
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THE EFFECT OF RADIATION ON THE PERSISTENCE (SURVIVAL) OF
ORGANISMS

Studies on radiation have shown certain ranges of the electro-
magnetic spectrum to be deleterious to microorganisms. This includes
(1) ultraviolet (200-300 mu-or 2000-3000 A units); (2) X-rays (0,005-
1 m); (3) d’rays (short x-rays); (4) 2 rar~, or cathode rays or high
veloclty electrons; (5) K rays or high veloeity helium nuclei and
(6) neutrons,

It has been suggested that gamma, x-ray and UV radiation of media
and organism produces toxic substances which destroy the organisms.
The death rate in the organism suspensions 1s considered as a loga-
rithmic one in relation to the energy absorbed. This has been shown
with numerous organisms and various types of radiation. Heat is
probably not the predominant factor in death of the eslls.

Some reports suggest the amcunt of radioactive lethal doses in-
volved necessary for killing vegetative cells and spores of different
organisms at between 4-200 r x 103, Ultraviolet energy expended
approaches 1l-50 ergs x 103/cm2. Sometimes a correlation may hbe made
between chemical sensitivity and radiation sensitivity. No exact
relationships have established between sensitivity to radiation and
taxonomic classification,

Several mechanisms or modes of action for radiation effects on
microblal cells have been proposed. The energy must first hit and be
absorbed by the cell. UV hits particularly the nucleic acids of the
cell at 260 mu. The other rays hit the cell substances in general.
With xX-ray, gamma and beta radiation the fast moving electrons damage
the cells probably by the collisions involved. Perhaps this is true
of slpha and neutron radiation which also form ionization tracks

through the cells,

(R 1)




tne of the theories on radiation action is the so-called target
theory wheredby destruction on the logarithmic order occurs following
a "hit" on the cell by radlation energy. Temperature does not affect
the rate of destruction so it is assumed that no actual chemical re-
action takes place in the destruction since temperature rise increases
rate of chemical reaction. Areas of the so-called sensitive target
of a cell have been estimated by the amount of radiation necessary to
destroy the cells.

One theory suggests that a lethal mutation has taken place in the
cell hit by radiation. This suggests that a particular chemical entity
1s changed so that life processes cannot go on. Some experiments
observing cells attacked by radiation show that one or two divisions
may take place and then stop~~with resulting death before visible
colonies can desvelop.

Jonizing and ultraviolet radiation may result in certain decom-
position products such as quantities of formic acid or hydrogen perox-
ide, There 1s a great amount of evidence in favor of enzyme inacti-
vation by the radiations. These inactivations or transformations in
enzyme activity may result in compiete inactivation of certain pro-
cesses of the cell and allow others to progress resulting in the over-
production of products which pile~up and becoue toxic to the cells.
This results in stopping of metabolism and stopping of multiplication
and then in death.

In nature, the sunlight contains varying amounts of infra-red
through ultraviolet radiations. The ultraviolet is especially active
in the destruction of microorganisms so that cells exposed to sun rays
may be destroyed much more readily than if in the dark or shaded to be

protected from the sun radiation.
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SUMMARY 34

t-see also surfaces and soll for sunlight effects.

#Bacillus species (Table R 1) Radiation of the UV at 452 erg/m? at

2537 ﬁ destroys 904 of cells., The spores and vegetative forms did not
diff'er in susceptibility greatly. Death time ranged from 5 seconds to
30 minutes depending on exposure. Exposed to sunlight, the organisms
survive for 2-6 hours on plates to 36 hours in blood. Presence of air
seems to aid destruction., Ultrasonic at 320 k¢ destroyed cells (99%)
in 45 minutes, Electrons were active in 1 second.

#Bacteria (General) (Table R 2) Some general effects of ultraviolet,

sunlight, x-ray, ultrasonic and electric current are presented.
#Bacteriophage (Table R 3) Dysentery phage at 1.5 erg/m? per second at
2637 ﬁ (UV) was inactivated. In sunlight phage was destroyed slowly.

Ultrasonic destroyed phage in 30-60 minutes. Phage resisted radium
radiations for 3 days.

#Brucella (Table R 4) Light of troplcs at 44 C. destroyed cells in 45
minutes. In nature, there is a lower lncidence of the disease where
there is an abundance of sunlight and low humidity. TUltrasonic at
2641 ke formed rough from smooth cells in 3 hours.

#Diplococcus pneumoniae (Table R 5) These cells are reported less sus-

ceptible than some other bacteria for perhaps the capsule protects., In
sunlight the organism lived in sputum for less than 5 days while in
diffuse light 30 days and in the dark for 35 days. Neon light destroyed
the cells,

#Coliforms (Table R %) Much work has been done using the coliforms as
an indicator of sensitivity to UV radiation. Low RH was found to in-
crease UV action., Various ranges of the spectrum were used with most

of the studies at 2537 & vhere it vas most active. Other strains were

less resistant. Usual destruction time i1s in a few minutes. Rate de-
(R 3)
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pends on UV source and distance from organisms. Organic matter pro-
tects organisms. X=ray studiss suggést younger cells more susceptible.
Removal of oxygen slows down killing rate. A. aerogenes was reduced
to 374 by 14,000 R. Ultrasonic studies reveal resistance in one re-
port and 99.94 loss in 15 minutes in another. Coliforms have also
been exposed to electrons with 10,000 volts destroying in 1 hour, and
to neon with no results and to radium with no growth.

#Micrococcus (Teble R 7) Numerous reports of these organisms suggest

ithat the Micrococci are quite resistant to UV. Various ranges of UV
were used and different levels of energy used against several strains,
Direct sunlight killed cultures at 23 F. in one hour while through
glass several hours were necessary. Xerays at 5&00-4400 level des-~
troyed 63€., Ultrasonic killed 904 in 45 minutes. Low velocity elec-
trons killed the organisms, as well as 10,000 volts, in one hour. Neon
also destroys in 1 minute.

#Microorganisms (Table R 8)

Alcaligenes - Two species showed wide difference in suscepti-

bility to UV, one destroyed in 15 seconds, the other in 30

minutes.,

Corynebacterium - These organisms were found more susceptible

to UV than Bacillus, Staph. and others. At 55 C. in tropical
sunlight, no organisms survived for 45 minutes. Cultures kept
in the dark lived 1/3 to 4 longer than those exposed to light.
Hemophilus - Were very susceptible to UV.

Klebsiella - Almost completely destroyed after 3 monutes expos-
ure to UV,

Lactobacillus - Populations of this organism were reduced by UV.

Proteus -~ Three minute: exposure killed most cells, older cells
more susceptible., Neon light was not effective in destroying
them or was 10,000 volts ?ﬁri?g a 30 minute period.




Serratia - This organism was qulte readily destroyed by UV. In
40 seconds to 5-15 minutes all cells killed. 10,000 volts des=-
troyed the organism. in 1 hour,

Azotobacter -~ ILight from sun destroys the organism in the upper

layers of the soil.
Leptospira - Exposed to sun, it survived for 7 days.
Pasteurella - The plague organism was destroyed in tropilcal sun-

light at 40 C. in 5 minutes.
Treponema - Diffuse sunlight killed the organism in 1l# hours.
#Mycobacterium tuberculosis (Table R 9) Reports reveal this organism

to be more resistant than Bacillus spores. Various times are given
for kill, from 3 minutes to 40 minutes. In daylight, killing is in
2-5 hours in direct sunlight andv6-8 days 1in diffuse light. X-ray

may destroy in-64 hours. TUltrasoniec at 320 ke radunas 754 in 75 min,
#Neisseria (Table R 10) UV at 2800-2540 kills, The meningococcus
exposed to daylight is killed In 2 hours. When sunlight passes through
gauze, 30 hour survival is obtained and 6-7 days when daylight diffuses
through towelling and wool. In the dark, the organism survives 7-10
days at 25 C.

#Protozoa and Metazoa (Table R 1l)

Amoeba - Short exposure to UV destroys.
Parameciun -~ Short exposure to UV destroys.
Necator - Exposed to light, 1 week survival is found but 5% weeks
in partial shade and 7-9 weeks in dense shade, Under varying
conditions of sun and water, survival of 1 week to é weeks were
found. In drying soil, 5, 10 and over 30 day survival was found
in increasing shade. In fecal material in direet sun survival
over 2 hours was observed.

#pseudomonas (Table R 12) Variable results with UV are reported

(R 5)




against this organism. The flourescent strains are more resistant.

In sunlight, the organisms may survive for 13 hours at 44 C. Neon
does not destroy easily. X-ray at 1000-1200 r kills 63%, Bxposed

to radium, the organism does not grow,

#Salmonella (Table R 13) UV at various wavelengths and intensities

is active against 8almonella after a brief exposure. Some 214 erg/mm2
at 2537 A reduced population 90f. Suniight 1s effective against the
organisms in thin layers of water., In glass tubes, cultures may sur-
vive 1 year exposed to diffuse light. In direct sun, ager cultures
are destroyed in 1oQéo minutes to 4-10 hours. Neon was not effective
against the organisms. X-ray did not affeect in % hour exposure, 10,000
volts destroyed cultures in 1 hour. Radium prevented growth of the
organisms,

#ghigella (Table R 14) UV between 2800-2540 A killed the cells
quickly. Some 168 erg/mm2 at 2537 A, reduced population 904, In sun-
light, these organisms were killed in less than 30;60 minutes iun strong
light, in diffuse light cultures in tubes lived for 75-1049 days.
Ultrasonic at 680 ke and 320 ke reduced numbers 884 in 30 minutes.
Neon light was not effective,

#5treptococcus (Table R 15) Exposed to UV, Streptococcl are reduced
904 by 200 ergs/mme at 2537 i. Air irradiation destroys these as

air borne infecting organisms, Some reports suggest them to be more
susceptible than spores and tuberculosis organisms. Sunlight des-
troys the organisms in 40 minutes.to 4-3 hours, diffuse sunlight may
take almost 7 days while cells survive 14 days or more in the dust
in the dark, Apparently larger strains are more resistant to light,
TrOpicgl sun at 49=50 C, destroys in 1i5-30 uminutes. Neon light was
effective, Orgenisms exposed to 10,000 volts were destroyed in 1
hour,
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3¥ibrio (Table R lé) UV is reported as very effective against the
cholera organisms in culture and water, Sealed cultures exposed to
sunlight were killed in 3 days while the cultures lived 1044 days in
the dark. Diffuse light exposure allowed survival for 279 days. In
sea water the organisms lived for 8 hours, exposed to the sunlight,
The temperature affected recovery slightly when at 49 C, as compared
to 18-30 C, Polarized light at 24 C. did not affect for 13-30 hours,
Radium prevented growth of the organisms.

#Viruses (Table R 17)

Poliomyelitls - UV destroys in 30 minutes to 60 minutes usually,
or shorter time, depending on distance of source. Direct sun
kills within 30 minutes. Ultrasonic does not destroy rapidly
bﬁt high speed electrons inactivate the virus.

Influenza - Survives UV better than many bacterila.

Vaccinia -« 40 ergs at 2537 X destroys while light plus chemicals
destroys rapidly.

Herpes = Survives from less than 15 minutes to 40 minutes ex-
posure to UV.

Encephalomyelitis - Survives only 40 minutes exposure to UV,

Tobacco Mosalc - UV inactivates this virus over a range of 3100~
2652 A.

African Horse-sickness - The virus is inactivated by UV.

Measles, chicken pox, mumps ~ All are susceptible to UV radiation.

Foot and Mouth - Intense sunlight exposure destroys orgaenism in

1 hour when dried. Diffuse sunlight is resisted for over 1 hour,

#Yeasts, Molds and Fungl (Table R 18) UV radiation is effective against

yeasts and molds when exposed at different wavelengths and amounts of
energy. Older organisms are less resistant,in some experiments dark

color of some protect against UV. Sunlight destroys in long periods
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of exposure. Ultrasonic reduces population at 680 ke to 1574 in 30
minutes. Electron bombardment is resisted under certain conditlons but
10,000 vclts destroy in 1 hour.

(R 8)




SURVIVAL OF ORGANISMS IN SOIL

The importance of potentially pathogenic prganisms in soll has
been recognized., Some of the Clostridis may cause gas gangrene or
tetanus when soll gets into wounds. Some intestinal pathogens such
as the organisms of typhoid and dysentery may get into the soil in
excreta to contaminate foodstuffs. Certain of the protozoa and
worms survive for considerable lengths of time or may live part of
their 1life c¢yecle in the soil entering the body through foods and
sometimes through the intact skin. The orgenism of anthrax may
survive in soll for long periods in the spore stage. Animals graze
ing in this area may contact the disease and die. Some areas are
so contaminated that they are restricted so cattle may not graze on
them, Other disease producing organisms might enter the soil from
human and animal axerata or carcasses, The factors affecting the
survival of many microorganisms in the soil might be grouped as to
(1) soil factors (2) organism factors,

Soil Factors Affecting:

In general, the factors affecting the survival of any organism
in soil would be (1) the general type or nature of the soil under
study, whether sand, clay, loam or mud; (2) the amount of organic
matter present or added with the organisms; (3) the amount of
moisture in the soll; (4) the firmness or looseness of the soill;

(5) the pH; (6) the presence or absence of antagonistic organisms;
(7) the depth of the organism in the soil; (8) the tempsrature of
the soil and air; (9) the relative humidity (RH) of the air; (10) the

amount and duration of radiation from the sun.

(80 1)
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Organism rFactors Affectings

A particular organism may survive in soll for varying periovds
depending up (1) the lnherent resistance of the genus and speciles
of organism under study; (2) the particular strain of organism; (3)
the presence of a protective stage of the organism such as a spore;
(4) the presence of a protective covering on the cell, such as a
capsule; (5) the age (in the growth curve) of the inoculum; (6) the
numbers of organisms inoculated and (7) the abllity of the organisn
to miltiply in the soill under the conditions presented.
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SUMMARY

#Bacillus species (Table S 1) B. anthracis may survive in spore stage

in soil where carcasses buried for 15-20 years. Other data suggest
12 years in surface soil and shorter periods In exposed places.

Other Bacillus species survive for over 80 days in mud and other
soils and wmay be present in 500-600 meter deep soil.
#Brucella species (Table 8 2) In sand the organisms live for about

120 days. In dirt dried rapidly it lives less than 4 days bubt up to
sé days in moist dirt. Viability of 1-10 weeks is reported in various
soil samples. It is suggested that on pasture cover the cells do not
survive long even though excreted in large numbers,

#Clostridivm species (Table 8 3) The organisms of tetanus, botulism

and gas gangrene are fairly permanent residents of the various types
ef soils.

#Coliforms (Table 8 4) E. goll exists in loam for weeks to months and
even to 4 years if moist; if dry, only 11-25 day survival results. In
sand and mud 11 week viability is reported. E. coli usually absent
from virgin soil while A. aerogenes usually present. survival of
Aerobacter in soil is for many months up to almost 4 years.
#:Corynebacterium diphtheriae (Table 8 5) In dried sand at 37 C., via-
ble cells were present for almost 30-50 days while in sand alone 98 to
175 day recovery was found. In soil, 98-208 day survival was found
but in dried soill less than 25-35 day recovery was obtained,

#Pungi, Yeasts and Molds (Table S g) A large part of the microbial

flora is made up of Actinomyces and fungi besides the bacterial popu~
lation. Actinomyces did not live well in acid peat soil. Malleomyces

(not a fungus but of thc Parvobacterloceae) survives in pastures up to

1l year making them unsafe. Actinomyces bovis is more or less a perma-

nent organism in soil. Radlation from sun lowers the soil flora at
(8o 3)
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surface level. Yeasts may live in soil for long periods in winter

months.

wiicroorganisng (Table S 7)

Agrobacterium -~ In clay and loam viabllity over 500 days and in

sand for over 600 days was reported.

pasteurells tularensis - In muds both contaminated and uncontami-

nated the organism was present for 12 weeks.

Diplococcus pneumonise - Dried culture in sand lived for & days

and in volcanic ash for 6 days.

vibrio comma - This organism was able to survive for 1l-2 days in
soil without moisture but for more than 53488 days in moist soil.
On sand 4 day to over 174 day viability is given.

leptospira - In polluted soil 3 day survival is found. It may
live for months on wet ground and high humidity in air.

Azotobacter =~ Large numbors in rich soil, few in acid or sunlit

solls, many in dark sun-protected soil. Pure culture in soil

1ived for 40-85 days or more.

Pseudomonas - Survival of 45 days in soil was observed.
sicroorganisms (General) (Table 8 8) Various factors of temperature,
pH, fertility, moisture and radiation are presented for legume bacteria,
lactic acid bacteria, nitrifying bacteria, sulfur and iron bacteris,
aerobes and anaerobes,

sMycobacterium tuberculosis (;able 8 9) In soil from fecal material,

the orgenisms may live for 2-6 months and even a year exposed to all
types of weather conditions. Animals were infected from the soil in
this manner.

#Protozoa snd Metazoa (Table 8 10)

Ascaris - On soil surfaces for 2 months to 160 days in summer, for
150-180 days in winter, are examplés of soil survival. Fcund on

vegetation where soils ma?greg)with human feces,
0
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Necator - Survival in soil for 9-15 days is routine, some larvae
live for 7-9 weeks in shade or even for 84 days. BSun, temperature
and molsture affect survival.

Trichuris - In shaded soll viability for at least 35 days has been
observed.

Entamoeba ~ Cysts may remain alive for 4-8 days in soll at room

or lower temperatures., Vegetation manured with human feces was
found to contain cysts.

Bimeria -~ Qocysts remain viable for periods of less than 1l year in
goil in sun or in shade.

Sheep Nematodes - Viability of 3 months is reported in pasture soil,

Toxacara canis - The parasite remains over winter in goll under

SNow,

(6]

#Salmonella species (Table 8 11) In dry clay 3 waeek survival and

week In wet clay was found, Similar results with loam for rainy wea-
ther survival of 120 days as compared to 49 days in plain loam. In
mud survival of 5 weeks to £ months was recorded. In peat, 1 day to
30 day recovery depending on pH, moisture and temperature were the
findings. In sand, 6 day survival with sewage inoculum was observed
but with sterile sand then dried, 82 day recovery was found. Variable
results in soil depending on type of soil, moisture and temperature
were reported with survivals ranging from a week to over 16 months.
Vegetables were found contaminated from human fecal manure for at
least 7 days.

#Ghigella species (Table 8 12) 7The few reports suggest survival of

12 days on sand, over 100 days at temperatures of 1-15 C. and in dry
soil at 12-30 days while wet soll provided 40-~90 day swrvival, On
vegetables in soll, 7 day survival was recorded.

sgtreptococcus species (Table 8 13) These organisms live for periods

of 26 days to 1l weeks in 1oam(gnd5mud. On sand, viable cells wersc
o




recovered after 35465 dsys. With chicken manure on soil iéo day re-
covery was observed,
#7iruses (Table 8 14)
Foot and Mouth - In sand at room temperatures and 50# humidity
the virus survived for 14 days.
Newcastle -« At body temperature and pH, 25 day viability was ob-
served; at 3;6 C. 235 day survival and at ~é€ C. 538 day survi-

vals were found. In chicken pen soil, 1 month viability was

observed.

Bacteriophage - Typhoid phage was found in soil at 3 foot depth.

(so g)




temperature changes; the humidity of the air will determine the rate
of desiccation. Some organisms are killed rapidly by drying; others
survive better in the dry state. The rate of drying 1s important in

killing some organisms. If a surface provides protection from

radiation, rain, wind and other elements then survival will be longer.

Organism pactors Affecting:

As under other circumstances there are a number of qualities
in a particular organism which make 1t more or less resistant and
allow it to survive for longer or shorter periods., The strain of
organism as well as the genus and species is important since there
are inherent properties of the cells which determine their ability
to survive or persist in nature. The presence of a spore stage or
a capsule protect certain organisms., Others apparently have resis-
tant cell walls which protect against drying and destruction by
other factors, The age of the cell at time of inoculation 1is
important - if the cells are from old cultures, then they are more
easily destroyed. O0f great importance also are the numbers of cells
placed on surfaces and the amount of organic matter in which the
organisms are suspended. Organic matter buffers against pH and
other chemical changes as well as protecting against heat, desicca-
tion and other forces of nature. Natural secretions such as sputum

and feces provide some protection to orgenisms.

(Su 2)
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SUMMARY

*’r #Baclllus (Table Su 1, Bacillus anthracis because of its spore stage

is able to exist for long periods. On fabrics such as canvas exposed
to room temperature, low humidity and diffuse sunlight, the spores lived
for 10-22% years; enclosed in envelopes survival of over 34 years on
canvas and in blood on gauze 40 year viability was reported. On glass
or porcelain,survival of a few days to 2 years was found. On paper
exposed to sun, 8 hour survival was found. Long survival in brushes of
animal bristles was found. Other Bacillus species survived for long
periods on fabrics, glass, metals and plastics.

#Brucella (Table Su 2) 1In dust,the Brucella lived for 20 days to g
weeks. On fabrics such as bags and sacks, 5 days to 30 days have been
observed as survival times. On glass,some survival for several days
has been noted.

#Clostridium (Table Su 3) On fabricg,these sporeformers may live for

at least 3% months. (Cl. tetani on glass lived for 18 years as it did
also on rusty metal. Tetanus spores may exist in wounds for 6 months
and in talc through autoclaving procedures. (Cl. sporcgenes remained
viable on sutures in alecohol or toluol for over 17 days.

#Coliforms (Table Su 4) Cultures on cotton swabs survived for 8-48
hours. When dried on glass or in high humidity, survival of 22-98
days is reported. If exposed to sunlight when on glass, the cells are
killed in a few minutes. On paper, survivals vary as to method of
drying. Survivals on paper are given as 1 day to 143 days. Exposed
to the sun,survivals of 2-10 minutes were cbserved. E. coll lived
for 84-168 days in plaster. On utensils, coliforms are frequently
found, On wood,coliforms exist for extended periods of a few days to
228 days. Coliforms also found on metal doorknobs, water filters and

in grease of water pumps.
(8u 3)




#Corynebacterium (Table Su 5) The diphtheria orgunism has been found

in dust for a few days to 175 days. On fabries,survival of 2 weeks

to 20 weeks has been observed, with the variations due to drying pro-
cedures, the number of organlsms, and the type of fabric and amount of
organic material. On glass, survival of 1l-2 days to over 98 days was
listed, Exposed to sunlight, death occurs in 2 minutes. On paper, g
to 159 day viability occurred but exposed to sunlight, the cells were
killed in 2«10 minutes. On plaster, viability of 37 to 75 days was
found and on utensils such as knives, the diphtheria organism lived for
86 days. On wood, 7-8 day persistence was reported.

#Diplococcus pneumoniae (Table Su.;) The organisms may live in dust

for 2.8 days and on fabrics for extended periods of 2-15 months. On
cotton swabs, cultures kept viable for 8-48 hours. On glass, the
pneumococei kept alive for 2-12 months, 2 wounths at 80 F. and 12 months
at 40 F.

#Micrococcus (Table Su 7) These organisms live for long periods on

surfaces. On fabrics, such as handkerchiefs, the organisms are viable
for a month or more. On glass, the cultures may remain slive when
dried for from 8-10 days to 90 days at 1é-1e C. When lower temperatures
were studied (~-195 C,), 4-15 week survival was reported. At 37 C.
viability was limited to almost a week. In sunlight, the organism
might survive 10~-90 minutes. Organisms dried on paper survived 5l=

70 days under optimum conditions,but in sunlight they survived up to
71 hours. On plaster, persistence of 38 to 100 days at room tempera-
tures was found. Organisms on rubber were easily removed. On uten-
sils, short~term viability was reported using cleansing methods. On
knives, viability of 86 days was foud. Cultures inoculated on to
wood samples lived 35-130 days. Milecrococcus speclies on tinfoil were
reduced readily by washing off and by UV. The organisms were found

on telephones and doorknobs co?siszgntly.
Su




icroorganisms (Table Su 8)

Proteus - Survive in dust for £-19 days, on moist culture swabs
for 2-48 hours, on blankets for over 81 days, on paper for 11-20
days.

Rickettsia ~ Survives on laundry to cause infection. On paper,
viability of 21 days has been recorded.

Treponema-Lives on cloth at 21-25 C. in diffuse light for 113
hours. On glass in sun, 2 winute survival but may live in dark
for several days. On paper money, 4 hour viability was shown.
On dishes 2-8 day survival was found.

Vibrio - Survives on dried threads for 30 days to 7 months; the same
is true on clothing. Culture swabs do not stay viable for 8
hours with few exceptions.

Pseudomonas - On glass in sunlight, 2 minute viability was found

but over 7 month viability has been found on occasion,

Sarcina - when dried on glass in sun or not survival of 25-60
minutes has been found.

Bacterium linens - On filter paper survival of 90 days 1s reported.

Trichomonas -~ On an enamel paint surfaces viability of less than
7 hours was found.

Alcallgenes ~ Were found on telephones,

Hemophilus -~ On cotton culture swabs lived 8~48 hours at 16-22 C,
#Microorganisms (General) (Table Su 9)

Dust - Organisms survive in and on dust particles and are air-

borne with dust.,

Fabrics -~ Oiled fabrics contaln fewer organisms, corganisms may
survive in towels for at least 24 hours and on blankets for é
months.

Glass ~ Organisms are killed easier on smooth surfaces and than

on cloth or paper or agar(surggces. Temperature increases and
Su



humidity decreases give lower survival., Survival of 8 days to
months on glass is reported. Drinking glass samples may have

millions of orgarnisms on them,

Metals - These surfaces have antibacterial and antiviral activity,

especially silver and copper.

Faper -~ Organisms may live for long periods when dried on paper.

Wood - Various types have been tested, some allow survival longer

than others.,

#iMycobacterium tuberculosis (Table Su 10) Dust may contain viable

organisms for days to weeks depending on amount of sun--two days in
direct sun and 5 days in diffuse light have reported. Organisms have
been found on fabrics (clothes and hankerchiefs) for 18-30 hours up
to 39~70 days and possibly 110 days. TWhen dried on glass, organism

will live for 4 months. On paper or books live organism may live only

a few hours but reports suggest over 35 days or up to 3% months in
sputum dried on books. A number of general reports show survival de-
creased by sunlight but survivals of 309 days listed for dark areas
or 74-100 days exposed to electric light.

#Nelsseria (Table Su 1ll) These organisms are usually low in survival
rate. On fabrics, 5 minutes to 24 hour viability is shown for the
gonococcus and up to 7 days for the meningococcus, On glass, a few
hours of survival is usual but with dried blood up to 45 day survival
has been found with the meningococcus. The g ¢ organlsm lives only
2-5 hours on glass covered from the sun. On wood, dried films live
for a few hours exposed to sun but unexposed the meningococcus exists
for 8 days. Other studies suggest a few hours on metal and for
several weeks on other surfaces,

#Pasteurella (Table Su 12) Studies of the plague organism suggest

survival on fabrics 1is of short duration, on glass for 3 hours to
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6-9 days when orgenic matter was present and on paper survival of 3 to
8 days with better survival at higher humidities. On filter paper the
tularemia organism lived for 20 days at 20 C. in feces. On plaster
the plague organism was viable for 5-11 days. On various wood samples,
survival at different humidities was from 1 hour on moist pine to 56
days but survival of 2-3 months at 37 C. may be obtained and 260 days
at 256 C, when unexposed to the sun,

#Salmonella (Table Su 13) Studies with these organisms in dust gave
survivals of 20 to 130 days under varying temperature and humidity con-
ditions. @n fabrics, viability on towels was for 2 days, on cotton
culture swabs for at least 1-2 days, on cotton linen and woolen cloth
for 60-150 days or even longer. On glass and porcelain, survival of
2-4 days was found as minimum time but for 34«44 days when drled

under aptimum conditions of temperature, humidity and with protein
organic material for protection. On paper, survivals of 5-10 days

are given as low recovery figures with survival in fecal material

on paper for 55-137 days for S. typhosa and 240-421 days for S. para-
typhi. On plaster, the typhoid organism may live 83-10l days. On
various wood samples at 16-18 Cey, viability of 9 to 119 days was re-~
ported with pine wood giving poor results and lime wood, long via=-
bility. The Salmonella have been found to survive well on bread
surfaces and on metals such as iron, copper and tin for 20-30 days.

#Serratia marcescens (Table Su 1l4) This organism is used frequently

as an indicator organism for air, water and surface studles because
of its distinctive colony color. Studies on fabrics were made with
exposure to ozone with 95¢ killed in 45 minutes at 21 C., 89% RH
and .dé ppm. ozone. Studies on glass gave similar results. Recovery
in 2 minutes was obtained in sunlight. On paper short term survival
was obtained exposed to ozone and to sunlight (£-20 minutes).
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#shigells (Table Su 15) The shiga organism was found in dust over a
10 day period. Various fabrics were studied for survival of dysentery
organisms with data suggesting 4-150 days depending on temperature and
light. At room temperature in the dark, 1650 day survival was found,
while at 37 C., only 11 day persistence was shown, The Shiga orgenism
does not live as long on the Flexner bacillus, which is more frail
than the S. sonnei. On paper, survival from 4-9 days to 270 days is
recorded. Sunlight destroyed in 5 winutes. At 38 C. only %-% the
survival time than at 17-20 C, VWhen dried on wood, organisms lived
for 4-9 days at 17-20 C., which was 2-5 times longer than at 38 C.
These orgaonisms were able to exist for 30 hours to £ months on bread
crusts.

#Streptococcus (Table Su 16) Many studies have been carried out on

streptococeus survival inder natural conditicns in dust, adr and on
surfaces. 8tudies on dust indicated streptococecl would live 4~85
and 44 days. 0On fabrics, such as cotton, blankets, bedding, linen
and towelling, the organisms survived for & days to over 4 months.
011l on bedding lowered air count and blanket counts of streptococei.
Organisms on glass and dishes lived for about 14 days. When exposed
to ozone a large per cent were killed on glass and paper. One report
suggests 44 day viability when dried on paper. Some studies were
carried out on rubber and on telephones and metal.
#7iruses (Table Su 17)

Foot and mouth -~ Dust allowed survival at 62 F. and 524 RH for

1l days. On glass, exposed to sun, 1 hour viablility was found
but when dried in dark it remained for 10 days in one case and
2 years in another. On paper, it remained active for 2 days.
In nature the virus remains infective up to 345 days.
Influenza -~ The virus may survive in dust for at least a week

and probably up to 3 week?éu g% febrics such as blankets, the




virus survives at 37 C. for less than a day but over 3 days at
22 C. If dried in saliva on blanket, viability of over 1 month
has been found. Similarly, on glass, 1 week at 37 C., and over
1 month at 28 C, When dried on rubber, 1t remained active only
40 minutes, When drled with mucin, the virus was active for 45
days but less than 22 days in talc,

Newcastle - This virus survived over 50 days on burlap sacks at
high and low temperatures, even when exposed to mercuriasls. At
11-36 Cs, 538 days of viability were observed. On glass at low
temperatures, it remained active for months., On paper, the sur-
vival was similar to burlap.

Smallpox - Vesicle flulds on glass remained active in dry state
for 84 days in dark and 35 days in daylight. Other reports sug-
gest that smallpox erusts remain viable for many years.

Tobacco mosailc -~ n cured tobacco leaves, this virus remained

active 31 years.

Swine Fever ~ The virus apparently was able to withstand high

temperatures when on bricks or hay but was readily destroyed
by chemicals.
¥Yeasts, Molds and Fungi (Table Su 18) These microorganisms remain

active in dust for long periods and may be carried by dust in air,
Tricophyton -~ The dermatophytes survived on cloth for several
months and on occasion up to 346 days. On paper, viability of
102-346 days was observed.,

Microsporum - On fabries such as wool or cotton for 78-835 days

and on hair for 420 days.
Molds -~ These microorganisms on cardboard exposed to UV lived
for long periods. They are found on many surfaces and even

telephone receivers.

(su 9)




Yeasts ~ They are found on various surfaces,
Fungl - Large numbers found in dust, on paper, wood and surfaces

such as telephones.,

(su 10)




SURVIVAL OF ORGANISMS IN WATER

Water has been known for a long time as a vehicle for trans-
mission of various intestinal disease~produeing organisms, Water
may harbor other pathogenic or saprophytic organisms ag well, It
is of importance to study the effect of certain factors on the
survival of organisms,

The general factors affecting survival may be listed as follows:
water Factors Affecting: ‘

The general nature of the water is important whether it is
sea, lake, stream or well water, as well as the degree of pollution.
The concentrations of salts will affect survival and also the
organic content playsan important role. The salts may be toxie
while the organic matter supplies protection as well as possible
nutrients for growth. The presance of other antagonistic organdlsus
such as bacteria, algae or phage may be important, The presence
of toxic chemicals of industrial or human addition such as chlorine
or sulfites affect survival adversely. The depi and turbidity of
the water affect the amount of light and other radiation coming in
contact with the cells. The temperature of the water affects the
rate of survival as well as ability of organisms to grow. Low
temperatures give longer survival. Flowing water in nature may
dilute out occasional contamination.

Organism Factors Affecting:

™Te type of organism being studied is of importance in the
length of survival., While the genus and specles of organis'm is
important, also the strain under study determines to a certain
extent the persistence of the_organism. The prosence of a spore
stage of the organism or a prc;tective capsule will aid a particu-

lar organism to survive, The to % in)mber of organisms inoculated




is of great significance in length of survival as well as the age of
the cell (of growth curve) when inoculated, Some organisms have the
ability of growing when only a few salts are present in the waters,
The pathogens usually require more complex medla. A few can grow
on the organic matter of polluted waters depending upon the tempera-
ture., Some patihogens may grow over a range of 15-40 C. Organic
matter may also protect cells from destruction even if they do not
provide nﬁtrients. gelection of resistant strains may provide
greater survival of the organism under certain conditions to which
they are exposed. An organism selected for resistance to increased
temperature in water may not show increased resistance to some

chemicals in water, but does to some chemicals,

(W 2)
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SUMMARY

i #Bacillus anthracls (Table W 1) In natural water,survival is of long

duration, Organisms have lasted up to 12 years in lake water, and
have been found viable in rivers and stagnant pools. Under laboratory
conditions, survival of 18% years has been reported. In general,
survival was better at room than at body temperature in either tap or
sterile water. At low temperatures, around 10 C.,survival was usually
about 3 days. In distilled water, survival ranged from 30 days to 30
months,. ‘When culture medium was added and room temperature maintained
survival was similar to that in natural water. B8urvival was reported
up to 20 months in sea water., When culture medium was added, the
interval was much shorter. In sewage,the organisms lasted up to lé

months,

- #Baclllus species (Table W 1) BRBacillus cereus was adversely affected
| by pH level below 7. Baclllus megatherium was simllar but less drasti-

cally affected. pH above 7 likewise decreased recovery.
#Bacteriophage (Table W 2) The death rate of E, coli phage in tap

water was found to be of the first order. It was extremely suscepti-
ble to irradiation while in distilled water. 1In sea water,a small
percentage of organisms survived after 30 days. Survival in physio-
logical saline was not as g.nd.

Salmonella phages varied seasonally in natural waters, inereasing
in the summer months. In sea water they could be recovered up to 7 days
after inoculation. Survival in physiological saline was not as good.

Shigella phage survived in sea water up to 30 days. This was
longer than in physiologiecal saline.

#Brucella (Table W 3) Brucella melitensis and Brucella suis survived

up to 10 weeks in natural waters. Brucella abortus in pasture water

survived between 8 and 30 days. Brucella species in general were
(w 3)




sensitive to pH levels above 8 and below 6.6.

#Clostridium (Table W 4) Clostridium botulinum was present in ice

kept at ~16 C. for a month. It survived processing and heating in

sewage sludge.

*Escherichia colli (Table W 5) In well wateg,Escherichia coli sur~
vived 2-5 months. In river watep,it was round up to elghty-seven
days after inoculation. Cold temnperatures encouraged survival in
natural waters. At 37 C., a pH of 5-6 was optimum for persistence,
Radlation, natural or artificial destroyed the organisms in a few
seconds. Stagnant water did not support it. One report states that
after 20 years in water stored in the dark, the organism survived.

Organisms were recovered from distilled wnter, kept at 08 C,
after 16 months. Increase in temperature resulted in a decreased
survival rate, pH 6-8 was most favorable for survival.

Ice was found quite suitable for survival of B. coli. After 163
days at =20 C., organisms could be isolated, They were more resistant
to freezing than to thawing.

In some cases E. coli could not be isolated from sea water. When
organisms were inoculated they survived as long as 39 days depending
on size of inoculum. Addition of culture medium lengthened the
survival time.

Organisms persisted in physiological saline for over 31 months
at room temperature but not as long at 37 C. At pH 8, 0.145 M NaCl
allowed better survival than a greater or a smaller molarity of NaCl,
Low pH or very high were unsuiltable for survival at any molarity. In
sewage, counts were higher in the summer. The organism could be iso=
lated after 65 days.

#Aerobacter aerogenes (Table W 5) The organisms were well preserved

at 18 C. In river water for up to 73 days. Lower or higher tempera-

w4)




tures were not as effective in preserving the viability. Survival wss
poor in raw river water. The presence of E. ¢oll had little effect
on recovery rate, Survival in sewage was similar to E. coli.

#Leptospira lcterchaemorrhaglae (Table W 6) This organism survived

in sterile or unsterile tap water up to a month at neutral pH. When
serum was added to the water, recovery was positive at more than 3
months. When inoculated into stagnant water, at pH 7.6 and tempera-
ture 25-32 C., the organisms remained viable up to 115 days. Likewise
in distilled water, persistence was fair, in sea water, poor. Sewage
was more heavily infected during the warm months. Organisms survived
in feces and tap water for 55 days.

sretazon and protozoa (Table W 7) Entamoeba histolytica survived in

water at room temperature for 5 weeks. At higher temperatures, sur-
vival was poor. TUltra violet rays were quickly effective in killing
the organism, sunlight more slowly s¢., In distilled water at 12-22 C,
viability was positive after 153 days. Entamoeba colli survived even

longer. 1In sewage, survival was from a few days to a month.

Trichomonas vaginalis survived 45 minutes. Ancylositomas speciles

persisted from 12-18 months. In sewage sludge they survived 5 days.

Necator americanus lasted 18 months at 60 F.

Glardia intestinalis survived over 2 months in distilled water

at 12-22 C. At the same temperature Chilomastix mesnili survived
187 days.
Ascaris lumbricoldes eggs survived 151 days at 103 G,

Taenla saginata persisted in sewage sludge for 6 months.

Irichuris trichuria in the same medium lasted 22 days.

Paramecium did not survive well in sewage.
In general, 1f protozoa and bacteria were both present there tended

to be an increase in protozoa, decrease in hacteria.

(w5)




¥Micrococcus species (Table W 8) sSurvival of this organism in water

for up to six days was usual. Addition of pus or culture medium
greatly increased the survival time, Temperature range of 20-35 C.
had little effect on survival, In distilled water, survival was about
the same. The organism was recovered from ice after 66 days. It
survived in sea water up to 36 days. In physiological salt solution,
survival was not quite as good.

#liscellaneous Micro-organisms (Table W 9 & 10)

Alcaligenes fecalls was found constantly in river water. It

survived 18 days in distilled water,
Corynebacterium diphtheriae survived 30 hours to 3 days in sterile

water, depending on the temperature.

Neisseria gonorrheae was viable for 22 minutes in sterile tap

water or sterile distilled water at 37 C. At a lower temperature
survival was longer., It survived in ice 9-15 days and recovery was
high in physiological saline, with culture medium added, af'ter 6 hours.

Bacterium phosphorescens was viable after one week in fresh water,

Iactobacillus easel survived in Ilce and was more resistant to

freezing than thawing.
Bacterium salmoniclda survived up to 67 days in sewage.

Erysipelothrix was viable in sea water after 1 week and for a
slightly shorter time in drinking water.

Serratia marcescens survived about 100 days in tap water, much

longer in impure well water, It was susceptible to ultra-~violet
treatment of water. In ice there were positive cells after 51 days.

Proteus specles were lsolated from river water. Proteus vulgaris

survived 103 days in ice. In physiological saline some species
survived 40 days.

Pseudomonas pyocyanes flourished in all kinds of water. Survival

(W 6)




in distilled water was best at a low temperature. Recovery from ice
was high and from physiological saline, fairly good.

Klebslella pneumoniae survived over 31 months in distilled water.

Survival was also good in saline,

#lycobacterium species (Table W 11) Mycobacterium tuberculosis sur-

vived more than a year in tap water. Other reports on survival in
natural water varied from a few days to 6% months., In distilled

water, organisms persisted after 16 months. Low temperatures appeared
to promote survival. Survival in ice after 12 weeks was reported. The
organisms remained viable up to 133 months in physiological saline at
37 C. In sewnge, Mycobacteria could be recovered from 1 hour to 35

days after inoculation., The lower temperature permitted longer sur-
vival., Manure kept at room temperature allowed survival up tole%
months.

The avian strain persisted 73 days in stream water or sewage.

Mycobacterium paratuberculosis was recovered 163 days after

inoculation of river water, Persistence of 9 months was also reported.

Fectors Affecting Survival of Organisms in Water (Table W 12)

The effectiveness of ultraviolet radiation against water borne
bacteria may be influenced by minerals in the water. Changes in
salinity and osmotic pressure are better tolerated by fresh water
than by marine organisms. The coliform group is not entirely relia-
ble as an indicator of sanitation as illustrated by outbreaks of
enteric disease caused by "potable" water, antagonism of some organisms
against coliform cells, great resistance of some non-coliform organisms
to chlorination, presence of pathogenic viruses and role of non-lactose
fermenting gram negative rods in enteric disease.

In lake water, bacteria were found in greater numbers in autumn

and winter., However, organisms stored in glass containers increased
(w7)




more at high temperatures. Mechanical dishwashers reduced bacterial
count, Sunlight was almost as effective in killing organisms on the
botton of So cm. of water as those on the top.

8now, with a large dust content, carried many bacteria. Clear
ice was more free of organisms than bubbly ice or snow. A great
variety of bacteria have been isclated from snow.

Bacteria in sea water are more thermosensitive than are terres-
trial organisms. At 40 C.,80# were killed in 10 minutes. At ~1g Ce
organisms in sea water outlast those in distilled water or broth.
The protozoa serve to rid sea water of Salmonella, When plankton

are present, bacteria are virtually non-existent. The pressure

bacteria experience in the ses retards terrestrial organisms. Reports
were favorable as to the action ¢f =sunlisht an Anganiama in aan wntaer.

Racteria In sewnge, while they may survive sometimes, ars sub-
Ject to the action of antagonistic saprophytes. E. coll is attacked
by putrefactive bac’eria.

#Pasteurella (Table W 13) Pasteurella tularensis has been reported

to survive in water as long as a year. Natural waters become contamie
nated by infected animals., Other animals can be infected by inocula-
tion of contaminated water.

Other Pasteurella species survive up to 4-5 hours in distilled

water.

#Rickettslia (Table W 14) Coxlella burnetl survives 7 days in water

at room temperature.
Rickettsia prowazeki has been found in well water, Both tap

and distilled water and also saline have an adverse affect on via-

bility,
#Salmonells (Table W 15) Salmonella typhosa at outside temperature

survived up to 40 days in well water. At room temperature, the sur-

vival sometimes was longer. I?w?éger water, low temperatures aided
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survival. At 0 C., viable organisms were cultivated after 8 weeks,
whereas at 37 C., the bacteria survived 1 week. In pond water at
temperatures around 10-15 C., survivals of 4 days were reported. In
tap water, storage in the dark at temperatures of 68-~72 C. preserved
viability for 43 days. At warmer temperatures or in the light, the
cells dled off more rapidly; They survived 36 days in aquarium water,
up to a month in mineral water., Well water infected with urine re-
mained positive up to 14 days. The presence of other pathogens de-
creased the survival time,

Salmonells typhosa survived 32 months in distilled water at room

temperature., Survival rate was also high at 37 C, and at 0-8 C. In
ice, the orgunlsu was viable after 7 months at O C. Another
found 99.9¢4 reduction in 8 days.,

Filtcrcd sca wmater supported the organism for 32 days. Contami-
nated sea water greatly diminished the length of positive recovery
interval. S. typhosa survived in physiological saline at room tem-~
perature for 32 months,

In raw sewaggjthe organism survived 3 days at room temperature
or longer at lower temperature. In activated sludge,it was alive
longer than 24 hours, Aeration of the sludge decreased this time.
Lack of aeration increased it. 8Sterilized sewage supported the bac-
teria over 3 months.

Salmonella paratyphi A survived only 2 days in tap water. Boil-

ing the water increased the survival § times, Filtering the water
and placing it at incubator temperature increased survival interval
£5 times. The organism survived ég days in filtered rain, 42 days
in distilled water at incubator temperature.

In non-contaminat&d sea water 8. paratyphi A survived 18 days.
If the waters were contaminated survival was cut to 1/3 thils tine,
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In saline it persisted 33 days, in sterile sewage at room temperature,
74 months.

S. paratyphi B survived éé days in filtered rain, 42 days in
boiled tap water and 22 days in unbolled tap water. Reports of sur-
vival in distilled water range from 32 days to 25 months, depending
on temperature. sSurvival in ice was reported to be 17 days. Contami-
nated sea water supported the organism 12 days, sterile water up to 38
days. In physiological saline the bacteria persisted 73 days and in
sewage, 24 hours to 3 weeks. 8Sludge activation cut the number in half
in 1 hour,

Salmonella typhimurium survived in outside well water for 30 days

when E. coll was also present, In contaminated sea water, it survived
7 days or 3 times longer in sterile sea water.
Salmonalla enteritidis survived only 5 days in cont wmted sea

water, 23 days in non-contaminated. This organism lasted 13% months
at 37 C. in physiological saline. It was sometimes found in city

sewage.

#ghigella (Table W 16) ghigella dysenteriae survived in well water

at outside temperature for 30 days. At room temperature, reports
varied from 11-71 days. Sterile water preserved the viability from
24-30 days. Results in unsterile water were very variable, In dis-
tilled water, the organisms retained viability from 7-73 days, in
ice up to 2 months, in sea water, under some conditions, 5 months
and in physiological saline 13%# months,

Shigella paradysenteriae (Flexmer) persisted up to 38 days in

natural water and up to 73 days in distilled. In physlological saline
53 days was the longest survival time reported.

Shigella paradysenteriae (Sonne) was isolated from tap water. 1In

well water it survived 30 days.. S. paradysenterise spp., survived as
(w 10)




long as 32 days in sea water that had been filtered and autoclaved.

#Streptococcus (Table W 17) Streptococcus agalactiae was reported

to survive 66 days in natural water. S. pyogenes remained viable

in well water for 66 days. It survived in other natural waters up to
a week, in sterile distilled water up to 87 days, in physiological
Saline, 12 days. 8. faecalls survived 1 hour in chlorinated swimming
pool water. Under the same conditions, §. sallivarius survived 5 min-
utes. In 0,854 NaCl, S. mitis was alive after 13} months,

#7ibrio (Table W 18) Vibrio comma was reported to have survived 391
days in tap water. Other reports ranged from a few days to a few
weeks, In well water it was found up to 62 days after inoculation.
In raw river water, less than 2 weeks, in springs, various lengths of
time, depending on the treatment of the water. Distilled water sup=-
ported viability up to 29 days or sterile distilled water, 39 dava,
Organisms were recovered from ice up to 7 days after inoculation. The
longest survival of the organism in sea water was 122 days. Others
reported survivals much shorter than this. Vibrio was viable in
sewage 48 hours., If the sewage was autoclaved, survival was not as
good. Sterile sewage supported the organism,

#Viruses (Table W 19) Poliomyelitis virus survived 100 or more days
in tap water at ice box or room temperature. Exposure to direct sun-
light cut survival down to 45 minutes. In chlorinated lakes, the
virus was killed in less than 10 minutes. In treated well water, the
virus disappeared in about 1 hour.

In sewage, polidtmyelitis virus survived up to 2 weeks. At 4 C.
survival was even better. It was found regularly when cases were
reported.

Lymphocytic choriomeningitis virus survived 3-7 days in chlori-

nated drinking water at room temperature.
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Western equine encephalitis in the same situation, survived a
maximum of 5 days and S8t. Louls encephalitis survived up to 4 days.
The virus of yellow fever survived 10 years in distilled water
in the ice box,.
#Yeasts and fungl (Table W 20) Aspergillus survived 56 days in tap

or distilled water. In distilled water at room temperature, the fol-
lowing survived 1 year:; Cladosporium mansoni, Aleurisma castellanii,

Actinomyces, Monilia, Geotrichum, Epidermophyton flaccosum. In ice,
Saccharomyces survived 28 weeks at pH 6.5-5, 15 weeks at pH 3.7,

(W 12)
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TABLE d [__ THE SURVIVAL OF BAClLLﬁS SPLCIES [N AIR
Factor(s) Survival
EXPERIMENTAL
B. anthracls
Spores, dist. water, 25C,

Pirect sun, strong wind,
Ozone, ly h.,, 37 C.
Sunlirht with air
" withonut alr.
Steam undsr pressure,
clave, 15 1lbs.
R, subtilils

Bllt'\J

Spores, spray drying. '
Air 1nlet temp., 180 v, !
" 75 ( '

" " 1" C., {

Tnoa. 8,000 Colonics.
Recov, 0, 2'h,

No affect

2li h,

> 83 h.

30 min.

Show small rortalily
Show amall "

' 10% killed

liquid busp(nt]un, 30 sed. SOO killad

1"

Reference
Kruse 1897
Ransome 1601
Roux 18347

1t

| Smyth 1o
Bullock 19l
1

Dried state, 70 0., O rm
" " 117°C., 1 h. Compluto destruct. "
folst container, 7.27%, |
90C., 1 h. | Destroyed. "
Dust “ilters % proeipitotdrs |
ef'l'cet againct baetorial oroplels vhon iL Lo ool f
sid red at the present no oceuied svnce can be }
made bacteria frece. ! | DallaVelle 164l
Lxposed to U.V, i Trmurmerable colonices
Pl min., 12, 3 min. Hort 163¢
Suspended in alrp 62,225 (2724) erps/en
© nec ssary for storili-
i zation of air, 3 Sharp 19,40
Broth sprayed in air | 2.6 boeteria/ft.” air
after 5 d. Yells 1934
Dist water svprayed in «~ir. 10 bact,/10 £1.3 aip
l ﬂfter’ ? de "
Infection :lepends more on iviliability of organism
than on gettling rate. [ "
OUTDOOR :
B. anthracls [
Dry air, 200 I, o2l h, smyth 1941
B. megatherium
Dust . Evidence of trans ort
! during storm Soule 1930,




TABLE /4 X TUE SURVIVAL OF BRUCELLA SPENILS

IN AIR

o rer 4w e cwes s v k8

........ — e = v = s tat & eeraTey s = b Sy

<« Facyor(s) Survival Reference
h EXPERIMENTAL
. B. mellitensis
Dust contaminated with
urine. 30 d. Chief 194l
Dust. bl d. i Kennedy 1905
Ozone i h., 22 G, ! No effect Reansomo 1901
OUTDOOR i
B, melitensis f
" Dry dust of Malta 20-28 d. Horrocks 1906
Dry sterile dusg 20 d, "
NDamp sterile soil 72 4. "
Pry sterile manure 69 d. : "
Moist 1" " : 7 d. l il
" unsterile " © 20 d. : "
R, 8pp. i
T Incidenc- of infection hirh whore total ralnfd 1
hirh and neglisible in semi-arid areas. The
sterili-inpg efteort ~f ~mmtinuous sunliecht scems
to be p.oramonnt incohacking disscewminstion while humi-
dity, reinfall, sunlessness % congesatlion of
animals favors spresad. Polding 1950
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TABLE 4 THE SURVIVAL OF CLOSTRIDIUM, CORYNEBACTELIUM,

LACTO-

BACILLUS, NEISSHRIA % VIRRIO oPPP]Eu IN AIR.
- Factor(s) Survival Reference
EXPERIMENTAL
8. diphthoriae
Ozone, I, h., 37 C. Growth resumed after 8 d|
incub. Ransome 1901
Air 2 d. Wells 1936
Cas_Xorose
Maleic % phthalic anhydifides are more active
than their correspondir: aclds. The effcetive
vapor concentration is [25% saturation for
chemical disinfection df ainr. White 194l
Lactobacillus acldophilus
Those which bescame suspdnded iIn the sir from
liquid media either Uy fatural or artificlal
means settle out rapidlly In 5-10 min. DuBuy 1947
Bacterial popul tlon somewhat reducod by
radlation but not counsistently. DuBuy 1548
Vibrio cholera
Wator spray, cocoon thrdad. Recov. 0, 1% h, Kirstein 1500
" 81lk tliready Recov. 0, 72-108 L. f
In Calcutta Death rato increascs
o ~Ith tewpernture Rav 19650
INDOOR
Corynebacterlum dirhtherlge
Floor, dust, dark, in
vitro 7-102 d. Croshle 1941
Floor dust sweepingu. 5 wks. "
Ir. air alfter oillng floqr. Untrecoted, there were
7 colonlos. "
During ™ aftor sweeping | 7 col. @ravis "
" qulet perilod 8 ", Mitis "
" bed making 1 " Gravis "
Diphtheria patients Expulsed from resp. track
by 10 of 50 patlonts. |Duguid 1946
Drying, R.T., 25 wmin. Inove. 204 col., Rwoov 0,Lh.
" " 60 min. " 13 " | Jochimsen 1928
Dust, dried, R.T. 175 d. OQuchterlony
1949
Dust Long, purlods Prossman 1937
In talking % conghin -, diphtheria patients fre-
quntly omlt droplets containlng viable bacilll | Teague 1913
Alr L8 h. Wells 1935
Floor dust (Gr:vis str.) 1 mo. Wright 1941
Floor dust 2 mo. "
Nelsseria meninpitldls
Can be carrled at night {from a carricr to his
naighbor unless bed space ls » 5 faet. Eagleton 1919
OUTDOOR
Clostridium welehil
Only sporulating forms sjurvive whoen Influenced
by oxymen under pressurg or atmospheric alr
! cornditions Ernst 1900
Coryrishactopiwr diphtncriah
Alr, drylng. Surv, lonp timo In dust. -rnst 1200
V. cholera Coldest month of year, drles out. Rogors 19l




TABLE /ﬂ &% THE SURVIVAL OF DIPLOCO.CUS SPECIES IN AIR

Factor(s) Survival Reference
EXPERIMENTAL
D. pneumoniae
Daylight, In simulated
room enviromment 42 min. Buchbinder
1942
Dark, simulnted room
onvironment. 12 h. "
Spraying into atmosphere| from large susp. of hroth,
saliva or 0.5% saline duced high mortality
rate at 507 R.H. At R.H. above or below this the
survival was prolonged. Dunklin 1948
When seline free liquid used, the sharp pesk in
death rate at intermedliate R.H. disappeared.
The lethal effect of intermediate R.H. on pneumof
coccl atomized from salfiva containing suspension
is increased when the pprticle size of the
droplets 1s increased op when ithe tumper:iture is
raised. A narrow range| of R.H. near 507 is
rapidly lethal for orgahlsms freshly sprayed
in air. Dunklin 1948
INDOOR

D. pneumoniae
Organisms susp. in fresh

at mized saliva
Outside body
22 D., R.H. 50-80%

Floor dust, Types I * II
Air

Recov. 95.3 .mmed. aftc
spraying.

Recov. 329 after 75 nin.
Brief duration

Within 10 min, all the
pneumo. had disappeared
from air at 507 R.H.

*1 mo.

48 h.

s

Robertson 1942
Robertson 1947

" 1948
Stillman 1917
Weolls 1¢35




TABLE ﬁ- 5. THE SURVIVAL OF ESCHERICHIA COLI

IN THE AIR
Factor(s) Survival Refersnce
EXPERIMENTAL
Alr aerosovls, after atom- 25 4 viable Ferry 1951
ization
Exposed to ultra violet Innumersble colonies
et 1,3, 8 minutes Hart 1939
Ozone, 4 hrs, 60 mseconds Ransome 1901
Alr 1 day & 8 hrs, Wells 1936
Broth & air, atomized, deri
room 120 min. Wolls 1935
Ultra violet lamp off 30 min,
Ultra violet lamp on 12 min,
Ultra violet lamp coversd 15 min,
Increased Humidity Increases resistance
to germicidal energy [Luckiesh 1942
Susp'n in air 24,800, plus or minus
5.44 erg/em2 necessarySharp 1940
for sterilizing air,
With ultra violet the hgctericidal action is great- Elford 1942
est st lov humidity., 1In atmosphere of 4S% RH
it 1s about 10 times as lethal as at 90% RH,
Cigsrette amoke has no ge cidal effert % nulls Twort 1940
germicidal activity of 10% hexyl reasorcinocl in pro-
nelans glyccl, 1
OUTEOOE . j
Humid Max. growth vhen most topeloff 1922
humid
Dust i yrs. avage 1903




UABLE A4 TUE SURVIVAL O

MICROORGANLISMS IN AILR

Factor(s)

Survival

Referancc

ALTI UDE
Bac'eria * mold sporec,
Nutriont agar, 22 C,,
pH 7.2, 5,700 fe. abovo
surfacoe

High v bacterial counta iy

Lower count hactoria Lwcl@uds due to loss of elccto-

static charge that cauvacq
wrileh adhered to plano

Bactaria, roist iili, o-on

Bactoria spruoysd into alr
RH 664, ozone, .15 pum,
21 C., 15 min.

Ozone r~o ¢. In wuxcess of ]
60="0% R.H. poqiired Lo

Ton times ag ..y gormsg 0
fougy days.

Subnommal sunshline * precy
sible for survival of inf
High cooling powsr due bg
roslatance of poople

Decreasing number of .cacety
basement tc fth floor.

Chance asscocintlon with i
survival of air borne o

L} cases descrilicd bitten t
Amerlca 1in Mojave descvty

Study of # of organisms [

Fourd ot 70,000 IPt.

103 coHlonles. Nunerous
hactoeria carriod along
with dangt ivbo stmoa-
prerelre not killed
by Lirnt, heat % dryneds

st pa ticles 1ncrcases
janisms .

¥ Insveb netivo to 8.

wnd in upper almosphere

Armstrong 1630

ot duesnrl aib. Browm 1910
1 clonds. Dillon 1029
dlslod;ing of mrticles
Do heua 1941
e More cpslily killed thar
when in drey state. roed. Tiya
D 99% killed "
L 1pm. In n atmosphere of
roduce joud sborsllzatioy. "
o Tonpe days as on
LeGuyoeon T93%
pLiuulon Geenoa respon-
ectious apents In alr.
strong winds reduced
Meissner 1640
ria proceocding from
Parvis 1943

Personre:l of
Navy Res. 1943

Schlotthauer

1940

orpanlisms.
EXPERIMENTAL
Rats, G.P. & rabblts ovx-

spores.

rang ing from 28 to 280 Timmon 1449
Agar plotes at 19,000 to 28,000 ft. produced no
Walker 1935
Certain arcas of largeo
posed to serosol of hact|{ spore cone. The greatqr
the volume of tidal ain,
the greater the # of
organismg in the lun: s. Ames 19,9
Propylene glycol lcss efficlent than phenol when
applled as a pnaint & betfer than phenol vhen evap, Baker 1944
A number of air borne bi:cierla were able to survivd
for a given time but decnpeased by ralising R.H.
from L0 to 60% or higher Baker 1941
Sterilizing of air by U.V4{ radlation effective when
the organisms are dilsperged in droplet nuclei, the 1946
most vulneruble Bourdillon

smallest particles bheing




)

TABLE‘giﬁv THi SURVIVAL OF MICROORGANISMS IN AIR

Racteria carried in handk:
liberated on rild manual

Organlsms heated in prese:
tained in state of Intern
them more susceptible to
‘emps. than would be the
out completely.

507 solution caleium chlon
prevent dust -6 weeks.

Technic outlined for determmining partlclo size

distribution of viahle al
Means of sampling bagteris
Wave length of 2537 A high
vating many disense apent
Pactors which influence ef]
1) RH.H. 30-504 2) Greaty
3) More effective with dj
The physiological % bhiolog
cidal irrediastion of sir
established by vavious In
Relatively low intensity U
faere with cellnler divisi
many dlsease sgents whleh
other substances.

rchief alter 2 days uwe
shaking. Recov. 1,720
ze of steam are main-

edis te hydration which mg
killing action of hipgh
cose 1f allowed to dry

ide spread on floor will

r borne bacterla

1l aerosols

ly offieclent in lnacti-
8,

flcacy of glycol vapors:
r below 72 I, than :bove,
rt 2 cust Lhean alone.
ical concepts for bhactery
have been [rirly well-
vestiators.

J. o of 2537 K vwill interd
on % -cadily insctivate
are not protected by

k

Factor(s) Survival Reference
EXPHRIMENTAL, CONT.
Alr from sneezing 100,000 bacteria remain
in air over 1 min.
16,000 still in air
over 30 min. Bourdillon
Air with hypochlorite All or rmost of bhacteria 1942
spray, 65 F., R.H. 66% emitted can he killed
in 3=l min. by sprey of
NaHC1l0 in cone. of 2.1
ce./1,000 cu. ft. air, b
Lower limlt of effective
humidity is below 504
at 70 F. "
App:ratus for determination of penctration of par-
ticulate air borne mater}al throush nose deserihed.
Particles greater than 5imiora ar: filtered out. Boylaid 1947
In veneral, movipng hot &ipr 1= more affective in
sterilizing of plane pollshed surface than still
hot alr of ssme temperature Breinl 1935
5i1ze of aprregutes of mlicqgllae *~~reased with con-
concentration of saline,yqith inerorce Lime in
sedimentation cheamber. oautreband$ -
[ e 2]
10Le
fan distribution of droplgt nuclel. Disappearence
of 904 in 30-A0 min. Nuclei greater than g micra
in diameter survived 20 min. lNucleil greater than
lj wiera survived 90 min. | Smaller nuclei survived
30 h. Duguid 1946

Dumbell 19,8

es
Dunklin 1948
Galambos 19,2
Goldberg 1950
" 1951
1946
Hollasnder

Harbu-ger 1945

Hart 14l

Hollacnaer

1942




TABLE /£  THE SURVIVAL OF

MICROORGANISMS IN AIR

Factor(s)

Survival

EXPERIMENTAL, CONT,

House dust, 30-35 C., R.H,
53-63%

The bactericldal effect of
with changes 1n temporaty
dreasing rapidly with ten
maximum Hetween L0 % 6

Bacteria, oxypgen, expose

to sunlight

Brcteria, hydrogen, ex-
proged to sunlight
Indlcates that inhalation
may be important mode of

Construction of apparatus

of resplratory infection
At a c:nstant saturation

there was fownd to be apgroximately » two-fold

increase in the rate of

each 15 F., inerease in tdnpsrat urse.
At high humidities the papticles in equlilibrium
contain so much water thgt highly bacturlcidal

concentration of glycol
of 200 P,
Equation given for determ]
on bacterial populst ion.
Alr suspension, Low R.H.
The fa ling off in effecti
of all bactericides con:i
functlion of the buacteria
selves. ‘he maeximum kill
at vapor concentration nsd
Vapors of most cormon aerd
from the air at an appred
of & number of processes
oxidation, dondensation
by surfaces. The dilsarpdg
the air appromated s logd
of corcentrations.
Lactle acid 1s cheap hnetd
hetween 60-85% R.H.
Bactericidal i1llumination
than with culture spread
at room R.H.(60%). Low iy
lirhtling of good intensit
various organlisms sbout f
natural death rate in dar
The treatment of cotton %
fabrics with oil emulsion
changes in R,H,, temperaf
concentretion of oil emul
Aliphatic alpha hydrox 94
hactericidal agents for &

a1l lhha Awess
et NSNS e R \d“ll‘*\

Recov. 225/10 cu. ft.
after 30 min.

glycols varies markedly

re & in humidity, de-

perature rise % reaching

ROHQ

Bhu

7 h.
of' dust borne pathogens
spread within group.
for exper mental study

.

evel of glyecol vapor,

actericidal action with

re unattainable. A limip

ved in vaporizing.
ne effect of radlation
RBacterlcidal effect
veness at lawer humiditig
dered appoars to Le &
carryineg partlcles them=-
ing rate 1s attained only
ar or Iln excess of sat.
al disinfectnnts disapped
1able rate by one or more
which 1Include asrisl
pon surfaces, adsorption
arance of the vapors fron
rythmie law over a range
riecide. Reached peak
1s much slower with dust
on slides or Petrl disheg
tensity U.,V. % fluorescers
y appeared to destroy thg
ive times ags faut as
k,
uwoolen bod clothes and of
18 not read.ly alfected
ure or small variation 1r
sion uced.
rboxylic aclds are rood
ir disinfection.

3

Reference
Hollaender
194k
Krueger 194l
Kruse 1865
"
Lemon 1948
Leif 1950
Lester 1950
Loster 1550
Ligwell 1948
s
"
rs
Lidwell 1948
[1]
1t
Lidwell 1950
her
by
Loosli 1946
Lovelock 1948




TABLE /6 THE SURVIVAL OF MICROORGANISMS IN AIR

(. Factor{s) Survival Reference

5 EXPERIMENTAL, CONT.

One grem of propylene p;lygol aerosol in 2,000,000
of alr offected c.mplete|sterilizution of an
atmosphere containing as|many as 500,000 buet./1.
of alr. Miller 192

1l ters prepared from Lelﬁtin pernit the most
successful totael recovery by culture procedures fnom
an inoculum of a imown nymber of organisms in

contaminated dust. Mitchell 1949
Alr, U.V. 20 micro watts | Adequate disinflection

per sq. em. {2,537 A) 250-500 sec, Mudd 194l
UsVe 30 micro watts por

sq. em. (2,537 &) 167=-33l; sec. "
Review of methods used in|preparing aerosols Muller 1940

aiplication of U.V. for fiisinfection of air are:
1) the supplementary irraglation with dust suppresg-
ion measures since U.V. licht is not efficlont
agoaingt bacterin protectpd by dust 2) attain a
radistion of suffilciont fntensity but not so high| National Res.
as to affect the eyes or|skin. Councll 1947

he two primary conditioni for the succossful
#lycols are most eff@ctiV* at R.H. botween )0~003

ani Loinpe weluw HOF. Niles 1946
Effectiveness of any compdund as an serial germiclde
c" depends upon the extent ¢f condensation .f 1ts vapor

on al r suspended bacterig % on the vate at which tho
resulting conc. of aser l¢lde can ;roduce death of
the organism. At any R.H. the killing action is
greater the more closely|the germicide vapor
concentration épproaches|the saturation point. Puck 1<47
Glycol vapor conc. maintajined at a level just
below the forging point yerov found to be ns «ffecH
tive as cuporsaturated atmosphero. FPrescuce of

visible mist of clycol im no way harmful, Puck 1945
Air, R0 FP. and below., R.H.

45-70%, sprayed with Puck 1943
propylene glycol Maximum hacteviclidal actjion.,
Ozone shows nc remavkavle{effects on pathogenie

hacteria Ransome 1901
No difference of U.V. bactericidal actlon over &

R.H. vanve of 35-95%. Rontschiler

1940

Temperaturoc of organisms (within viabllity range)
has no affcet on action ¢f U.V. " 1941

Alr borne bacteria about 1/10 as resistant to U.V.
radiation as when in liquid suspension or on agar.

More reslstant at high R.H. than in law R.IL.
Lethat radiantion lecs 1f |bacteria first exposed
to heat. :

Short intense dosaye of bgcteria with U.V, is lcss

ar 1 thal to H. coli than loéong mild exposures " 1659

R

!




TABLE 4 { THE SURVIVAL OF

MICROORGANISMS IN AIR

Factor(s) Survival Reference
EXPERIMENTAL, CONT.
Treatment of bedclothes with medicinal paraffin
reduces smount of dust tHat can be liberated 1941

from blankets by 90%.
Epidemic spread of contagi
clency of air supplied p¢g
The ten-fold increase in
its equivalent in U.V.

on depends upon defi-
r susceptible person.
winter ventilation or
diation doecs control

Van den Ende

INDOOR

epidemic spread. Wells 1943
Methods of standard bacteniologic procedure wells 1ch6
Examination at autopsy falled to reveal any differ4

ence between animals keptY in glycolized air % t ose

in_ordinary room atmosphdre. Wise 19L.7
Priethylene glycol acts ad dchumidifying & germi-

cldal agent. Introduced [as vapor shows 0% re-

duction of bacteria in alir. Barrett  1G47

Dof'inite decrease in incid
factions of the upper pay
noted among children kept
cump/ red with control.

Irradiated materials had A
action than non-irradictg

# of colonles dimir ished H
in use of caps % masks.

G0-65% fower organlsms obf
than from control blanket

Gram neg,. tive bacteria in
spectrum killed o8t bar{
U.V. rediation. Preceedl
makes gram negative bacte
to U.V. than gram posltlv

Analysis of bacteria found
schools. 207 Strep. 1isol]

w.th U.V, compared to 318 from non-1 -radiated room

Marked decrease uhserved i
of upper resplratory infe
propylene glycel va:.ors.

Gives varlous orgaulisms de

Bueterla heve definilte van
plicatlo:: % amount of grog
ditiong of molsture

Fllters of alr condifilonen
rortially clogged with di
nor centrifuge sction of
influence on # of organis

Fluoresceln disperscd into
Recovered '"rom dast aften

Saliva in air

Organisms sprayed in slir.

37 e, Lextile 11ll

snce in severity of in-
t of respuliratory tract
In irradiated ward as

uem gresglter bhacterleidal
d matorial
roportional to care taken

ained from olled blanketJ
8.
air. R.T., Combined
eria in 15-30 sec. of
n: freezing with liquld g
‘1a 1ore strongly suscopt
8 spore formors,.

in largo rural cenbral

n total ‘rate of incldence
ctions following use of

tected In operating roon.
lations in rate of multi-
wth with changing con-

wore olfectiffe when
rt. llslther furnace heat

ms recirculsted.

atr off room as powder.
20 sweoplngs.

36 h.

3000 org. /en. Tt. alb.

Colonies prew more than

at R.E,

ated from rooms irradiatad

blower «ppe. rs to hiove anfy

Yayenberg 1940

Beckhold 1957
Brown 1916
Dingle 1946
ir
.Gartner 1947
s.Gllcreas 1450
Harris 1945
Hart 1938
Kopeloff 1922
Loemon 194y
Lowhury 1950

Lucklesh 1G4

144 of nitial value, Jh. "

Matuso 1543




TARLE ﬁ:é TT% SURVIVAL OF

MIZROO GANISMS I AIR

- ctor(s)

Survival i

INDOOR, CONT.

Bacturia counts higher in

Lowest in Aug. % Sept.

If tho entrance to lab. 14
in carbollec aeid * Lhe wi
1s considerable reductilorn
air in the room

Bactorial content of wornl
twlce that of alternoon.
summer

Use of U.V, lamps in duct

nificantly reduced bactenial count,

Roow with oiled f1.urs ha
borne bacterla durlng me

U.V. lamps elffective in rdgducing baucteria & pro-

venting spresd in alr dug
RQTQ, R.T'To, lbl")l-o,é, (‘;‘lyf‘,ol
saturation lj0-100%
The higher the concentraté
rap id the hacterlcidal
70=80% produced rapid kil
Alr in nursery. No nurse
in ecublicle for 1 h.

FMurse in cubi-le 10 min.
fer dlapering infant.
0 ailr conditloning, count
aloud from 1-50 without
face mask

Alr conditioninsg along dig
resplratory cross lufect]
tion of upper afr togethd
reduced # of respiratory
gauze mask worn by a tend
ing er.ss LInfection.
Preventlon of cross infect
T-bul ation of 1,342 infect
laboratory. Recognized 4
308 cases research, 55 d
25 cases product of biol

Air before sweeging.

" during
“ after
Treatnent of bed clothes w
nauses 9574 redustion in #
In air during bhedmaking.
Samples of alr from U.V. H

5 organisms /cu. ft.

U.V. 2rradistion checked ¢
taglous diseases durln:z g
dry. DNot effectlve d rin

Heeterlal reductions of 2(

" ti O,

Jan., Marech, April, Dec.

hung with cloth soce ked
ndow locked tightly therg
in bacterlial content of

ng air i. operatliy roum
Count 1s lower in the

of a.r conditioner sipg-

704 veduction in ukp
Imum activity

ts.

2=3 min,

on of glycol the more
Concentrations of
1inc.

9 a1, /10 an. £, oln,

299 col./10 cu, f£t. air.

25 ¢ol./10 cu., ft., air.
not prevent spread of
on, Germmicldal irradla-
r with air conaltioning
cross infections. IPlann
ants of value in prevent-

fon by U.V. - alr condlt.
fons acqulred in the
cecidunts in 215 inatanceq
a80s8 disgnostic work,
#lcals, 29 cases class.
0.7/cu. It.
2.1/cu. ft.
30 T"i”o
ith liquid poraffin
organisms distributed

ospital ward sveragod

pidemic spread of con-
0ld wsether, yhen air

¢ moist weather

=253 ulth use of U.V.

Jeradliation in barracks.

%
|

Reference
Mstuso 1943
Oestorlo 1938
Rice 1641

Robertson 1940

. 190y
" LG5y
" 1¢,9
Roeenotorn
19,8
L]
1]

1948
Rosenstorn
Seuvor 1942
Sulkin 1$51
Thgmas 1941

9
"
Wells 1540
" 1¢13
Wilimon 1948




TABLE /] { THE SURVIVAL OF

MICROORGANISMS IN AIR

Factor(s) Survival Reference
INDOOR, CONT.
Rate of diaappearance of »peteria from air follows
logarithaic relation with respect to time. Dis-
appearance rate incroases s R.H. Increases. Temp
did not effeect rmte of disappearance. NaOCl aerodgol
can effect reduction in the bacteria in the air byt
requires a high mist econ¢. The RH of air influendes
effectiveness of merial Yactericldes. The vapor 1jressure
of the bactericides inflionces 1its use % offectlvgness
as aerosol. Low R.H. rmofe favorable t'en high for 1942
viability of al r suspende¢d organisms. ) Williamson
Indoor dust 3=5 million hacteria/gmJ Winslow 1912
OUTDOOR
Strong proetolytic proteinm, Aeration stimulates badt.
20 2., Incub. 7 d. growth, decomposes casgin,
produces ammonia, de-
creuses niirogen. Allen 1940
10 to 11 mg/cu. meter of Absolute humidity or grestier
allows organisms to survive long suouzh for infect. Rey 1948
Air of sewers does not giye off pgerms. Jacobi 1894
Organisms in alr, hoavy r4in. B80% reduct., 4 h. Lewis 1907
" " 1icht 3074 " "
" " Redle under 707 2ih/sq. [t #
" " " betwoen
70 % 809 Uly/aq. £t. "
Air windward of town. 11/sq. Tt./min, "
" lesward " " 27/sq. ft./min. "
R.T., textile mill Coloniss {rom external
alr thvive more than
at 37 C. Matuso 1943
Effectiveness of U.V. liz}t decresses vapidly with s
increesing R.H. above 55|or 504, The rays are more
efficient against smoall particles than large. Perkins 1947
Samples of outdoor country air average 1.5 cu. ft.
air/lactose fermenting opganism. Samples of outdodr
city air averuge 10.27cu* ft. Wells 1940
Street dust 49,200,000 bact./gm. Winslow 1912
Alr borne marine vacteria|very resistant but killcd
by U.V. radiation Just ag readily as fresh water
or terrestrial specles. Zobsell 1942
Marine organlams collented on towers 30 miles in-
land. Turrestirlal organisms collucted 130 miles
et sea. Collcctlons werd proportional to wing
veldcity. Zobell 1036
)




TABLE _/ { IHE SURVIVAL OF MICROORGANISMS IN AIR (ADDENLUM)

Factor(s) Survival Reference
ALTITUDE
Can be transported almost limitless distances hori-
zontally depending on aebility to survive atmospheric
environment Jacobs 1940
Bacteria found above 19,000 fit. at -26 C. survived
>48 n, Proctor 1934
Numerous bacilli; staphylococei * micrococel found
above 20 thousand feet. " 1935
Windy weather prior to flights resulted in increased
counts. " 1942
Flights 50-60,000 meters. Becterial distribution was
Coccaceas 50.3%, Bacteriacede 3.65%, Bacillaceae 39.8H,
Actinomycetacese 3,10 %, Spikillacese 0.15%. Skrasynska 1949
EXPERIMENTAL
Erwinlia amylovora
R.H. close to 0. Viable & Infectlious aftelr
1l yr. Rosen 1936
Hemophilus pertussis
Alr 1l h, Wells, 1936
Malleomyces mallei
Ozone [} i, 37 C. Growth resumed after 8 4.
incubation. Ransome 1901
Microcuceus candidus
Aerosols, air, after Resistant to shock. Samp
atomization. vitality in aevosol as
in suspension. Ferry 1951
Proteus vulgaris
Exposed to U.V, 61 col, 1 min.; 2 col.
3 min. Hart 1939
Pseudomonas pyocyaneus
posed to U.V, Innum. col. 1 min.;
38 col. 3 min, "
Ozone 4 h. 60 sec. Ransome 1901
Pseudomonas aeruginosa
Suspension In air. 16,00(* 4.7%) ergs/cm?
necessary for steriliz-
ing air Sharp 1940
Sprayed into ailr <1 d. Wells 163
Alr <l d. " 193
Sarcina lutea
Swabbed on tongue, nasal
mucosa & tonsil crypts. Usually impossible to
recove r, Bloomfield 1919
Sarcina spp.
_ATr_,'T.TE.B, R.H. 70-72%, Trif
ethylene glycol vaperized
with hot air. 82% killed, 24 h. Gruen 1949
Serratia mercescens
Suspenslion In spray reduced Dlsappeared at rate of
to dust, R.T. 1.5-0.17 mm/sed. Re-
mained floating in quieft
air of room 4 h. Flugge 1897
Water spray Recov. 0, 27=33 h. Kirsteln 1900




TABLE d;‘ THE SURVIVAL OF MICROORGANISMS IN AIR (ADDENDUM)

Factor(s)

Survival

Reference

EXPERIMENTAL, "CONT.
Serratia mercescens
Ozone, [ h.
Alr breathed in thru nose
and mouth,
Size of particles important
Large particle
Med., psarticle
Small "
Greaater recoverablllty of a
than In dry atmosphere,
U.V. 1ight
Suspension in air

[

Alr, 29 C., sun shining

Pure cult. 1in nasal passage

Sprayed into air
Alr

L4

Form & structure of organis
ing persistence & viabllit
to infectivity.

Wave length 25 micra acts s
organisms. Chromogenic be

60 sec.
Recov. %1%, 10 min. afte
spraying bacterla 1n ail

874 during spraying
B¢ 6 sec. after spray
62%, 10 min after "
dynamic cloud in wet

15 min,

20,700 (t4.7%) ergs/cme
necessary for stoeriliz-
ing alr.

3 min. after spraylng,
6,000 col.
30 min. after
1l col,

. Shows nearly all organ-
isms destroyed before
reaching nasopharynx.
<1l d.
<1l d.

n

%a may be factors affect-
y & this may be related

tronger against Gram neg.
cterla showed conspicuous

stimulation st 313 miecra.
U.V. just as fast as veget

The rate of kill of air dripd bacteria was highest
at low humidity (15-20%);whth rising R.H. the death

As alr-drying peried increased; th

rate of kill by glycol dimfinished.

rate decreased.

effective against particle
in diameter but not killed

Spores were killed by
tive forms.

lycol vapor wa
as large as 8-10 micra
as rapidly as those of

Lo

r
o

Ransome

Rooks

Rosebury
Rosenstern

Sharp

Teague

n

Thomson
We%ls

Ferry

Gartner

Robertson

1901

1939
1947
1942

1940
1912

1896
193
193

1951

1947

1951

g-g micra or less.
0
Proteus morgani
Dust of ward
Bacteria counts in test barra
following U.V. radiat ion. At
open plates were found to be
sampling because stray irrad
induced a 19% reduction in ¢
Respirstory r~lcrobes, alr,
U.V., 2537 K.
Concentration of air-barne b
depended on (1) # of men pre
of and tyve of activity (3)
during greatcst activity.

@?

agteria in army barracks

2~12 d.

ks lower than control
the end of the study

8 poor method of air

it lon at 5 £t. level

punts.

Recov. 005%’ 2 h.

ent at one time (2) amor
.argest # hactoria found

ﬂnt

Hoare

Jarrott

n

Knowles

Lemon

1943
1948

1950

1944
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TABLE 4/ &_ THE SURVIVAL OF MICROORGANISMS IN AIR (ADDENDUM)

Factor(s) Survival Reference
INDOOR, CONT.
Alr borne bacteria in major gjurgery roughly propor-
tional to # of people present in surgery & to
activity on floor proper of |surgery Nisbet 1938
Microbes in air. Longer in humid than in
dry air. Rochaix 1931
Air, ward, during bed msking | Quiet, 22/cu.ft. air.
Beds in making, 510/cu.
ft, air. Rountree  19L6
OUTDOOR
Hemophllus inf'luenza
Death rate hl h during 4 md. period of high R.H. Barreto 1948
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TABLE 4 /2 _ THE SURVIVAL OF MYCOBACTERIUM TUBERCULOSIS IN AIR

o

Factor(s) Survival Reference
EXPERIMENTAL
Water droplets carry microbeés. G.P. not infected
after inhaling dry tubercle bacillil for 1 h., but
infected in few seconds imhaling humid ones. Rain
does not play important psathogenic role. Fog does
play pathogenic role Almes 1933
Droplets on plate, 45 C.,
20-38 cm. from speaking oy 300-600 times incresase
coughing persons mouth, in count. Fluerge 1921
Loud speaking }0-1,000 Times increase
in 30 min. "
Drops from bronchial tree 1
20 coughs. 100-8,000 times inc. "
Sputum of tuberculous patienmt. 50 000 bacilli/mg. "
Tubercle bacllll dan be recgvered from macroscoplcally
nermal lung tissue of ra™ its several weeks after
primary infection . Heppleston 1949
When radiant energy of low ntonqxu,, 1t redudes the
incidence of T.B. Lurie 194l
U.V. of 2537 Angstroms ex:rdised protective influence
against natural ailr borne |contagion. f
Ozone, 37 C., L4 h, No effect Ran some 1901
Use of saline solution in the Wella centr’fuzs will
not permit collection of fubercte bacil” . in atmos+
phere. Because of size, fthe baqilli fd 1 out of
atmosphere rg idly. When |expelled from mouth they
are .enclosed in albuminoug material which tends to
stick to whatever 1t contgcts, Sim 1939
INDOOR
+ Dust in air of rooms of tu-| 1 of 50 G.P. inoc. with
berculous persons, R.T. dust died with T.B. Augustine 1929
Surface dust from rooms of
tuberculous families, R.TJ Found in dust six of
2l observations. n
Dust from clothing of tuberd
culous families, R.T. 10 of 62 inoe. G.P. dieq
of T.B. "
Washinys & Tom childrens hands,
R.T. No results "
Open pu;mnnary tuberculous
patlent. Expulued from resp. tradt by
10 out of 20 patients. | Duguid 1946
0.5-0.1 mg. cult./cc wator | Bacilll in bronchi 1-72
sprayed in G.P. vicinity h. Negative 1l h. Heymann 1508
Dust 8-14 4. Kiprstein 1905
Sputum droplets . L-7 4. "
Hypochlorite % quabonnary
ammonium compounds. - Wosk tuberculocidal
effect Elarmann 1951
More emphasis than usual should be 1sid upon measure
to prevent contamination air, Specific experi-
mentation has proved that [U.V, has marked favorabl
effect. l Long 1951




TABEE —} 2 THE SURVIVAL OF MYCOBAGCTERIUM TUBERCULOSIS IN AIR
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Factor(s) Survival Reference

¢

£
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INDOOR (CONT)
The use cf glycols »s vaporg 1s supgested for killind
tuercls bn0j111 in closed spaces. Potter 194l
Dust Long periods Pressman 1937
Aspiration of 1l.] cu. ft. air/min, not efficient for
air sampling for isolation of T.B. "

Sputum in a r shaft 45 d: Ransom 1905
Dust of T.B. wards. Can_withstand drying Rogers 1¢20
Sputum of floor 2-2% mos. Sawizky 1851
Dust, room, hospital % home| Long periods Thomas 19,1
QUTDOOR

Dust, sunlight, dry | 72 h. Caldwell 1924
Mixed with sberile dust, :

direct sun rays 5 h. Sweany 19519

Inhalation of a few tubercld bacilll in the nuclei
of droplets coughed or sneezed into atmosphere is
of greater consequence than from larger number of |
orgm isms in coarse partidles which are strained !
out in the upper resp. pudsage % ingested, | Wells 1948

[RSURR /.0 -~ W
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THE SURVIVAL OF PASTEURLLLA SPECIES

IN THE AIR
Factor(s) Survival Reference
pr—— et e e e e

P oestia

nﬁst Dries rapidly Eakey 1938
P, tularense -

Streams & grain in RuasiT Rats and nice are Maximow 1947

vectors
Tularemia infection acquired by inhalation of Ayres 1948

dust from threshing mil)
ed rodents

8 contaminated by infect-




TABLE: /- ¢ THE SURVIVAL OI' PROTOZ0A, METAZ0A, BACTLRIQOPHAGE
AND RICKETVSSIAE SPL.CIES IN AIR.

Factor(s)

=4

A

Survival

Ruforence

EXPERIMENTAL

Bactorlophage
Transmitted through air
ranner entirely analogd
bacterlia
Colloids protect bacturﬂ
both 1in vacuo or in ain

Riclettsslae spp.
Dyer Nine Mlle, Henzer-
line str.¥ sal ine susp.
yolk sac.

with droplets % dust in
us to transmlssion of

ophrge agalnst drying

30 min.

Colvin

Kriss

Ransom

1932
1948

1951

INDOOR
Rickettssiere, typhus
Mav be transmitted by

air,

Loffloer

1942

OUTDOOR
Entamooba histolytica,
cystice
Afr dried

burncti
Alr of goatery

C.

Recov. O

Known infection in herd
contamlinates a.r con-
diderably.

Kuenen

Lennetts

1613

1951
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TABLE AN /J

THE SURVIVAL OF SALMONELLA SPECIES

IN THE AIR,
Factor(s) Survival Reference
EXPERIMENTAL
S, typhosa
Paper slips in vepor of | Recove. 0, 1 hr, DeOme 1944
35 gms. phenol/1000cu.
Water spray Recov, 0, 27=30 hr,| Kirstein 1900
Ozone, E hrs, 60 seconds Rensome 1901
Ozone, 4 hra, 22 C, No effect
Alr 8-24 hrs, Wells 1936
8, dysenterias(Hias ¥)
“Air T 8-2l4 hrs, Wells 1936
] ratyphos
Air 8-24 hrs, Wells 1636
S, pullorum :
Tnoreasing RH from 15-80% increases death De Ome 194k
rate. Given RH with inkrease from 28-37 C
Death rgte increased, he combined effect
of increased temp, & appears to be cu=
rulative,
INDOO
S. pullorum
"ﬂm, 58 ¢, RE 15% 50% death, 27.5sec.| DeOme 1944
Air, 28 C, RH ;6% 504 death, approx.
7 seconds,
Air, 37 C, RH 424 50% death, 5 sec,
When dlspersed from broth into dust-firee " "
air its death rate was Rreatly decreased
indicsting that certein meterials dispers-
ed with bscteris may heve a marked protece
tive getion
OUTDOOR
S. typhos !
Direct rays of sun 4«10 hrs, Osler 1901
S, onteriditéa
Open air, broth plate Recov, on 5§ occa- | Hewlwtt 1905

sions,




§ o 6 % 9 hrs.

TABLE,A //__ THE SURVIVAL OF SUAPHYLOCOCCUS SPLGIES IN AIR'

{!' Factor(s) Survival Reference
: Cwe et s h e s e b s een -}.,.--._.‘..—V-,.......... o pt Ao 1t mmetame e < b o1 e b e e e - aensd ot e et 1 e e <+
EXPERIMENTAL
S. albus
0.2 mg/1. of propylcne
glycol, R.H. [1% :
Immed. aftcr spraying Control, 9750 col.,
1 cu., ft. temt,
15 min, after spraylng Jontrol 9360, 1 cubic. flt.
30 min, " " " 9260, " "
60 1" " 1t " 3220, 1t ] Bigg 19},1‘.
Sprayed into air, R.H. 50% Lethal for organlsms. i
R.H. on either side of " Prolongs survival punklin 191t
Sprayed in sorosol. Safelozone cone. (0.0l ppm)
in R.T. 150-90% exorted disinfectant actlon 1fcrd Lol 2
Exposed to U.V. 66 colonies 1 min., 2
col. 3 min, Hart 1939
U.V. LIGHT 26,200 orga/sq.cm. .uffi-
dlent to kill all sus-
pended bacto~ia presenj
wlth exposurc of 1.06sdec, Sharp 1636
Suspended in air 23,300 (*5.14) erpgs/em”
riscagsary for steril.
alr. . Sharp 1610
S. aureus |
. Dried in nasal secretlon '
g in handkerchier. | Lo j# surve > 1 mo. Duguid 1,8
i Suspended in air 126,500 (£5.7,3) orgs/cme
' necessary for sterili-
i zing air. Sharp 1540
Sprayed into alir : 3 d. Wolls 1934
S. citreus ,
Exposed to U.V. 1 102 ecol., 1 min, 6 col.
{3 1in, Hart 1639
S. pyogenes ]
Greator num.crs released In dust than by sncezlng.
504 keduction when wearinT surglcal gown, Duguid 19,8
s « S7D
—_Kf%ged rapidly at 70-90;4 R.1. with sprayed HCLO.
Bactericidal effect reduced In stmosphere of ex-
tremely low carbon dioxide content (0.001%) com-
pared with behovior in N4. Orgunisme in finely dig-
persed mixture killed moyo rapidly than those in
heterofenously sprayod pfrticles. El'ord 1945
Wounds cross Infacted 18 of 28 surrical woundg. Rountrese 1947

INDOOR
S. albus
Alr during ® after cloan-
ing.
Dried on glass, 15-16 ¢.,
R.H. 15-60%, Exp. to
Exposed to ozone for 5,

Found in air during lst
% 2nd ho:rs,

Mo killing or Bnhibition
of hacteria.

Iurtherer

1916

Galli-valerio

161}
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TARLE ét(f THEE SURVIVAL O STADTYLOCOCCUS SPECIES IN AIR

Factor(s) Survival

INDOOR (COVT.)
5. aureus :
Air durine % after cloan-. Jound in olr durlng lst
ing : Y 2nd hrs,
Most of iInfections from alr c¢ontaminated by oper-
nting room personnel % p tient.
Floor dust Several days.
Survives better ot low than at hilesh RJH,
Air of operating room . Survived in U.V. lipght.

S, spp. .
R.H. 5-807 - Faximaum humidity effoct
~ botweon o0 v 703
OUTDOOR !
S. aurecus ;
Gonc. catclwn ehloride, | Least pgrowth with mini-
R.TW. 365197 i rum humicity.

.mmwﬂqumAmmm%A”w."”JUMW_.NNWM RO SRS

Referconce

Turtherer 1646

Hort 1937

Lidwell 195G
1

Phelyps 1939

Robertson 16u°

Kaopcloff 1922

Pigel) B o

e L




TABLE s RS THE SURVIVAL OF STREPTOCOCCUS SPECIELS
IN THE AIR

{" Factor(s) Survival Reference
ALTITUDE
S. spp. ‘
—_Siggyed with 5 ml, of 95% killed; 5% recov, [Andrews 1940

1% hypochlorite sol'n,
Oiled blanket, plates

exposed 5 min., during

and after beating 170 coloniesa

Unoiled blanket, plates
exposed 5 min. during

and after beating 1030 colonies " "

EXPERIMENTAL

8 ogenes(Group A)
Exposed to daylight in
simulated room envirn, 252 min, Buchbinder 1942
Dark, simulated room
envirn, 65 hrs, " "

Sprayed in alr, ssttle
on filter peper, day-

light, 6 hrs, Buchbinder 1941
S. pyogenes(Group B)
Exposed to daylight in 66 min. Buchbinder 1942
simul eted room envirn.
Dark, simulated roonm 132 hrs,
(~ envirn.
. Sheep blocd sgar, 18 hrs,| Remain viable in dust |Buchbinder 1941
37C., dark room, suap'n of room at least 2
in air, wks.; some impalirment

‘ of virulence
Exposed to ultra-violet,

1l min. 98 colonies Hart 1939
3 min, 12 colonies
Alr and triethylene gly-
col, €02, 70F,, RH Lo% 10-15 min, Wise 1949

Bactericidal effect of irpadiation of beta strep,
appeared to depend on both RH and the susp'n med,
Orgenisms in films prepaped from serum broth cult}
containing dust behaved Like those of dust and

were more resistant undpr dry conditions, Org.
in films from extracts of dust or from serum bro-{ " n
th culture were more ssnpitive under dry condit,
S ogenes(Group C) ‘
Sprayed into air, RH 50%,| Rapidly lethal Dunklin 1948
Sprayed into air, RH a=
bove or below 50% Increases survival " n

Propylene glycol vapor
cone. 0.2mg/l, RH L2%,
1l cu., ft. immediately
sfter spraying, L4166 colonies Bigg 1944
15 min. affer spraying 3120 "
30 min, after spraeying 1760 "

n ’4-)4-2

oy

6 0 min . 1t " " "
Sprayed in aerosol., Ozone'in safely tolerated cong Elford 19L.2

(o.?uppm) in RH of 160-90% exerted a disinfectant

actlion,

B bt e TRRE S G e PN
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TABLE _ /2 (CONT'D)

THE SURVIVAL OF STREPTOCOCCUS SPECIES

IN THE AIR
Pactor(s) Survival Reference
ExgERIMENTAL(?gnt'd)C)
+_Dyogenes(Group
n¥ecEIona mainly due to|particles smaller than |[Sonkin 1951
1.8u in diameter, As brqteria median diameter
incresases from 1-12u thd serosol dose had to be
increased’10,000 times $o kill S0% of animals.
Pulmonary infection occyrred much more readily
than URI,
S ogencs
Sprayed into air Rapidly killed in dry ([Wells 1942
atmos., but protscted
in moist,
RH 40-70% Disinfection most app-
arent here, " "
Sprayed into air Many float for many hrs/Buchbinder 1938
after all droplets
have avaporsated,
Exposed to room environ,| No evidence that proper4Buchbinder 1941

ty of any streins wers
adversely affected

0lling blankets, bed lingn, garments, and floors

reduced bacteria and henm
during bed making to 91
S, viridans

Expossd to daylight in
simulated room environ.

Dark, simulated room
environ.

Sprayed in air, settled
on filter paper, sunw
light

In dark and sunlight

Wounds
S.salivarius
Sprayed in aerosol, Ozong
(0.,04ppm.) in RH of 1604
ant reaction,

S. zoceplidemicus
Atomization reduced chain

of viable orgenisms decr
atomizing nozzles when ¢
no. of mo. required to 1
borne route than by dire

S, Bspp.
“76§80% RH, HC10 spray

Irradiation clasarooms
Non-irradiation of class-
rooms

olytic atrept. of air
98% helow control ward

Lu-.. min,

26 hrs,
50%' 5 min,

Survivil rangad from
14-93
3 of 82 surgical wound

in safely tolerated conc
90% exerted a disinfect-

length by 504, Recov, ©
eased with distance from
onc, ¢811 susp'n used
nfact was larger by aire
ct nassl route,

Killed rapidly
207 colonles
318 colonies

Strepe susp'n in alr romain visble & t loast 2 wk

in duat of room with son

e impairment of virula

enco

Cruickshank 1647

Buchbinder 1942
Buchbinder 1941
L1 ] n
Rountraee 1947
Elford 1942

Shechmeister
1950
Elford 1945
Gilersas 1950

Buchbinder 1941




TABLE 4,2 (CONT'D)  THE SURVIVAL OF STREPTOCOCCUS SFECIES

, IN THE AIR
‘ Factor(s) Survival Refarence
* INDOORS
S ogone s
—,'B'Elai—snke_‘ﬁ'_l, ENT ward 14,400-7,34l4,000/cu. £+, Rountree 1946
o of alr '
Use of oil, water, and Reduced no. in eir 33- | Shechmeister
Roccal emulaion 63% 1947
Alr 48 nhrs, Wells 1935
Bust 25 des., ' White 1936
Floor dust ‘ 67% of 185 ssmplas Williems 1949
Alir from patient with
cellulitis, PM. 3 recovered Willits 1941
' AM, 4o "
while making bed 6 "
while making bed briskly 14 "
Room air, scarlet fever
ward, blood agar plates,
exposed to air 3 hrs,
AM, 33% colonies Allison 1937
Afternoon 228 colonies
PM. 19 colonles )
Air in infant werd Total counts for air in | Brooks 1942
UV werds consistently
lower than control ward
. Air in scarlet Tever ward Absent at night, rise in| Brown 1937
{ AM, slowly falls in PM
’ Found in congregation in| =  =co-a- Buchbinder 1938
cities '
Dust Several weeks Cruickshank
1938
0iled bedas 26 of 307 cult. positive| Dingle 1946
Unoiled beds 160 of 441 ", positive
Droplets from cough 39 of 87 pts. were th- | Duguid 1946
roat carriers
Hospital dust, air settl-
ed on filter paper in
Petri dish, dark 65 hrs, Garrod 19l4
sunlight 4 hrs,
Hospital floor dust, R,T,
dark 195 das.
diffuse sunlight Bactericidal " "
Air in dormitory 0.22 inf. particles/cu, 'Green 1945
Air in movie 0.33 inf.particles/cu ft
Air in school room 0,63 " " "
Alr in recreation room 0,38 " " "
Infections appreciable onﬁy when premises occupied
Diminished to low level pery yuickly after vacae " "
tion,
Information relative to cpcurence in eir of hosp, | Hamburger 194l
Nasal carriers desperse £D-100 times ps meny strep| Robertson 1947
. a8 do throet¢ carriers glpne,
4 Some influence of humiditz on death rate gs in Robertson 1948
pneumococci(l0), but effdet less pronounced
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TABLE /¥ /2 (CONT!D)

THE SURVIVAL OF STREPTOCOCCUS SPECIES

IN THE AIR
Factor(s) Survival Refarence
INDOORS(cont'd)
S. ogenes
Tafking ----------- Robertaon 1948
Relative dry air, saliva| Highly susceptible af-
suspended, triethylene tor 5 hrs, desiccation|Robertaon 1951
glycol veapor
Air, low RH, salive,
suspended in air, tria ' '
ethylens glycol vapor Slower rate of kill
after dasiccating 20 h
Dropleta from coughing Practically none expelliRobertson 1948
ed,
Blankets > L4 mos, Hobertson 1947
Floor dust Several das, Lidwell 1950
Army berracks, air. Contpmingtion high in spring
s low in winter and aum;er. Bedding of persons Looali 1948
with positive culture showed higher count, High-
est counts obtained during max, activity.
Alr and dust in hospitel| From w &ar wound infect-{Miles 1940
wards lons
Air in barracks during it0/10 cu, ft. of sir Miller 1948
heavy activity
Air in barracks during 2/10 cu., ft, of sir
moderate activity
On floor, petri dish,
dark 20% alive, 14 das, Phelps 1939
diffuse light {14 alive, <7 das
Sprayed culture Practically ell settled
in 48 hrs,
Air, single noseblow by | Millions recovered Hemburger 1946
carrlers,
Alr, coughing by carr- Relatively few recov,
lers,
Sneezing by carriers Vary few recovered,
Triethylene glycol, RH £8,6-547% reduction Hamburger 1945
40-50%, bed making
Air, hospitsl wards, gly| Diminution of bacteris | Hamburger 19,5
col vapor of 32-75% during per-
lodas of glycolization
Alr after shaking cloth | Persisted over 15 min. |Duguid 1948
S ogenes(Group C)
Ultra violet In low cone, of alr, Henle 1942
UV markedly reduced
bacteris
Freshly atomized Not killed as fast as | Robertson 1951

RE 15-204, floating in
in air for 5 hrs,

those in low humidity.
flosting for 5 hrs,
Killed twice as fsst ss
those exposed efter
atamizatlion
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TABLE 4 /2 (CONT!'D)

THE SURVIVAL OF STREPTOCOCCUS SPECIES

IN THE AIR
Factor(s) Survival Reference
INDOORS(cont'd)
S ogenes (Group A)
Eo%ﬁing and floor dust L das Lemon 194
Alr 378/ cu, rt.,
Air, droplet nuclel exe 50%, 20 min. Robertson 1948

pelled by sneezing

Se aglivar%ul
apors of lactic acid,
mandelic acid & trieth-

snolamine, RH 70%, 15~
21 C,

S, spp.
Alr, dust, R,T..
Duat
Blankets and air

Glycol vapor

Room, floor & blanketa
treated with triethylense
glycol

Survive better at low thqn

Dust, oiled linens and
floora

Ist hour after clesaning

Gave good kills of org
in aprayed saliva

2 wks,
Long periocda
Many months

Caused 70% reduction

in bacteria
90% reduction
et high RH,

Survivs 19 wks, 92,3%
raduction during bed
making. 79.1% reduct,
during sweeping,

Found in air; not
found after 2 hrs,

Many mos,

Lovelock 194l

Phelps 1941
Pressmen 1937
Robertson 194l

" ’ n

Lidwell 1950
Bigg 1947

Furtherer 1946
Irnat 1900

Alr drying
ouTDoo

S, pyogenes
Air after shaking clothes
S. spp.
Alr, drying

Persisted over 15 min,

Many mos.

Duguid 1948
Ernst 1900
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TABLE A /s THE SURVIVAL OF V

IRUSES IN AIR

Factor(s) Survival Ruference
ALTITUDE T
Numerous viruses are carrlled alony with dust into
the atmosphere, many of |which are not killed
by lisht or heat. Lange 1627
AL
Influenza
Vapors of lactic acid Sterilised nebulized
allantoic fluid infused
with influenza Catalano 198
Moisture, stagnating moist air, ammonia, % other
alkal ine substances in |the air inecrease ineci-
dence of grippe. Presdance of acld substances
in the air and dry clegr weather counter-rct
grippe epidemics. | Cauer 1949
Dust, drying Inoc. 1 X 10+ after dry.
Recov., 0, 3 wks. Edwards 1941
Air of exporlmental tani 1 h. " 1943
Aerosol over wate» (PRB) Reauction in Infectivi-
ty 90%, 30 min; 99%, 1 h.
100%, 3 h. "
Influenza ' irus dispers#§ in air is killed more
quickly in humid than dry elr. Exposure to
briszht csylight increasjies the rate at whichk
sprayed organisme die ofiff in aip. "
56-570 for 30-45 min. Necossary for inactivat.| Hirst 1943
Atomiyed suspension, R.H,
50% Death of 22.5% exposed
mice Lester 19,48
Atomi7ed suS)ension, R.H.
30-8 Death of 100% expo..ed
mice. "
Atomized, dlalysed susp.
R.H., 50 Death of all " mice. "
27=29 0., R.H. 80-¢0% Infectivity time 1 h, Loosli 19.,3
1 1 1}-5 55/ f " 6 h. 1
i " 17- ?)-l- " " 2“ h. 1
Duat dricd in floor
sweepings. {PR8) 22 h. "
Vaccinia
Ghorio-allantoic remb.
cihick, sprayed in air |8 hrs. More susceptible
to room environ. than
strep. Buchbinder
1941
Virus retained virulence] in all gases for 3 wks,
when kept at I C. Became avirulent at 37 C.
Pure oxygen or carben dfioxdde gas destroyed
virus at 18 C, Noguchi 1918
Suspeptibility of virus ko irradiation is of same
order as bacteria Rivers 1928
INDOOR
anfluenza,
Sterile bla'ket Survives drying Krueger 1942




TABLE /4 /3 THE SURVIVAL OF VIRUSES IN AIR

Factor(s)

Survival

e rerence

OUTDOOR

INDOOR, CONT.

Influenza
Dispersed into air (A)

Dust
Mice exposed 20 min.|PRY

Alr

Dust

Air, R.H. 88-90%, lcc.
tviethylene rlycol vang

Air, R0, 25-303%, lcc.
triethy]ene clycol vapo

Alr, dry, after shaking
canvas floor covering

Air

Lab. conditions, 1 cc.

vaporized trletlylone
~lycol.

R. T., R.H. 15-1,04, vapor
nf tristhylane &1;001
saturation 40-100%

R To’ HO}I. 1,}“Li.v,a, YOI‘
saturrtion of Ulycol
70-90

Balt f:ee virus stomlz.qg
R HQ )o/ac All l'ﬂice d.LU
offect of 50% humidity
removal of salt.

Air, sprayed with glyeol 1j0-60 min.

Dispersed into air, R.H.
"0=-304, Mice oxposed.

Type A. The % recovery
independent of initlal
susp nsion. TMWich scrus
exgreme renscs of 32-6%%
60/:’ R Ho
aerosol wa.
infectivity when 1lntro
pathce than intra-nsassal]

R.H. 32-65% (A)
1t 60

The mean digmeter of influenza virus
0.5 micrg. Characterized by

Killed more swiftly i
bhunid than in dry air.
Lon~ pariods

) Recov. in 0 mice, 20 wi

Infected mice apter 3 h,
Survived for days

r. {1 h.
r. 236 nh.

6 4.
Many days.

Hirbhly lethal
Killed n 2-3 14w,

Exposed mice completoly
;rotocted agalnst lethg
concentration of virus,

into an ctmosphere of
indicating that lethsal

had boen abolished by

224 died at R.H. 45-607%
Denth rite ine. to 80k
R.M. when 8ll ».ice dled

of the virus asvosol wsas
ceneentration of atomized
ol recovery ohtained in

5 R.H.; minimum roecovery

~reail
ced by air Lorne mothodd
routes.

Hielh aorosol rocovery
Minimun "

Loosli 1943
Pulvertaft
19,7

n. Robertson
192
Ro&ertson 1913

" 19L1).

1"

11 1 (/u_ ()

Rohertson 1948
1943

.Robertson 1948

cr

Shuckmolster
1950

n
"

Foot A mouth
Normal atmospheric cond,

Relat ed eridemiolonica1iy to distribution in

dust.

1 wk.

urbupy 1028

Ostortar 1GL3




TABLE :t/& THE SURVIVAL OF

VIRUSES IN AIR

” Factor(s)

Survival

Reforer.ce

OUTDOOR, CONT,
Infectious Jaundice

Dust borne dried excrete carries caisative organ-

isms. Less common in tow.s than rural districts. Anderson 1947
Influenza
Mucin in air (Type A) Recov 0, 1% h, Parke~ 194,
Air current Recov. 2, /2 h. "
Drled with tale in air. " 0, 22 d. "
R.H., 80-90%, lec. glycol
vapor <24 h. Post 1945
Dry 36 h, "
Smallypox
Epidemic in India
Humidlty rise Lower incidence of
dlsease
Low absolute huridity favors disease. Rorers 1928
R.H. low ahsolute Seasoral rises in inel-
dence " 19,8
G.MERAL
Alr borne viruses killod a&s easily as Strep.
salivarius by HCL1O mists. Edwards 1943
Animal viruses have sensifivity similar to bacterid
at wave length of 2537 J. Hollaender
. 1943
{ Means of obtaining infections in lab: 1) hy use of
Waring blendor 2) Opuenin+ socaled plass amnoule.
3) Inhelation of 1nfoct%ouu maturial l}) Inadequatj.
disposal of contaminated materlal. 5) Inadequate
handling of autopsy matgrial Smadel 1951




TABLE /4 /2 THIs SURVIVAL OF YEASTS, MOLDS f FUNGI IN AIR

—

Factor(s) Survival Reference
ALTITUDE
Alternaria
Alr Found up to 16,000 ft. Stakman 1923
Black stem rust s, ores
Viable up to 10,000 ft.|in the air. Cotter 1631
Cronertium ribicula
Air Found 110 miles beyond
linlt of punes Pennington
1925
Aeclospores in alr "arried 300-400 miles
in Pacililc coast reglon.Lachrund 1941
Funrl Imperfectl
Air Pound at 36,000 ft. Rogers 1936
Gymnmosporanglium
Alr Viable basidiosporcs
found up to 2,000 ft.
Good s viahle sev. d. | MacLachlan
19,5
Molds
Found above 1¢,600 ft. in the alr Froctor 193}
Pestalazzia
Alr Viable spoves at 18,000
ft. over Washington, D{C. Meler 1933
Pnasocrytopus gawnanni
Spores 3lown across Horth Sca
from Englend to Denmark,Ruchwald 1939
Puccinla graeminis |
Spores Blown from soubh into
Dekota &% Minn. 1in 2 4, | Lambert 1929
Spores collscted at 10,000 ™ 16,500 ft. in
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TABLE _B/ I1(E SURVIVAL OF BACILLUS ANTHRACIS IN THE BODY (AND

BOLY MATERIALS)

Factor(s) Survival Reference -
BLOOD :
Blood, R.T.. moist spores 60~-90 d. Minett 1950
" " dry: ~. " "
G.Pa blood, 25"30 C., opened
before decomposition 1-9 mos. Stein 19,7
f,P. Blood stored 5-10 C. 35-159 d, "
FROLS
G.P, faces Spores in 7 of 19 Stein 1947
SKIN oy ’
100% inhibited vormal huran [skin Hill 1933
URINE © '
U#ine of G.P. Vegetative forms in 19
of 28 cases Stein 1947
TISSUE, GENERAL
Muscle, G.P., 25-30 C., Operj- .
ed befure decomposition 6-7 mos. Stein 1917
Liver % bone marrow, G.P, - '
25-30 C., opened befors de-
composition 6 mos. "
Spleen, opened before de-
comnosition, R.T. 3 mos. "
Stored 5-10 C, W-=24 d. "

Continuous freezing, spleen,
-60 to =70 C., G.P.

Carcass of unopened G.P.,
25-30 C.

Carcass of unopened G.P.,
5-10 C.

Carcass of unopened G.P.,
Rl T.

Y

Destroyed in 60 d.
Few alive in 72-80 h.
L we.

9 mos.

"

L

"
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TABLE _PA THE SURVIVAL OF BORRELIA, LEPTOSPIRA, SPIRILLUM AND

TREPONEMA SPECIES IN THE BODY .

(AND BODY MATERIALS)

0 —

Uhlenhuth

<@ Factor(s) Survival Reference
BLOOD
B. recurrentis :
Defibrinated, refrigoerated
sheeps blood 195 d. Beck 1¢37
Infected blood, Inoc. Intd
physiol. saline with
boiled egg white St1l1l viable 2-4 wks. Krantz 1925
At 1ce box temp. " " L d. "
Rat blood, -48 C. Remained infective for
- mice 27 mos. Lofgren 1945
Iced blood 1 wk. Toyoda 1931
Rat blood, -12 to =20 C. Infectivity magkedly re-
duced, 6 wks. Turner 1939
" " .78 C., Cooling| 2-6 h "
) -78 ¢, tb 0 C, 2-6 M. "
1 Clotted hlood, R T. 6 d. wynns 1935
0 C, 100 4. "
L., ictarohemorrha ica
Blcod, defibrinated, R.T., Still inflective 7 4. Uhlenhuth 1616
light of day, 45 C. " 15 min. "
S, minus
Frozen 1 yrs. Turner 1939
S. rubrum
ftcrile rabbit blood suspy at least 5 yrs. Frob.sher 19,7
T, pallidum
Citrated blood & plasma Occasionally at U8 & 72
stored at 5 C. hrs. Not after 72 hrs.| Bock 1941
Humen blood & plasma, 5 CJ 72 h. ‘ rolmer 192
Serum exudate from chancrﬁ,
R.T. 121 4. Lacy 1921
104 rabbit serum, =20 C. | 2 mos. McLeod 1949
Frozen plasma, -78 C. 3 yrs. : Ravitch 1942
RBlood, lce box. 96 h. non-infectious Ravitch 1949
Plasma, -20 C, >U43 h,, non-“ n
Ra»bit plasma, 5 C. 6 d. Selbie 1943
Blood of G.P. , 14 C. 2-33 d. Sergent 1938
" " 20 C. 33-60 d. "
" v 0 ¢, 7-8 vks. "
" " 10 C. 1 4. "
Citrated whole blood, 5 CJ 72 h. Tuprner 1941
Plasma, 5 C. 62 h, "
Human serum, physiol. sl 4ne
under vaseline, R.T. 5 d. Zughelle 1927
In organ parts, R.T. 3 4., 17 hrs.
- FECES
Borrelia s
_ Feces I wks., Gowen 1945
] L. icterohemorrhagica ,
! Feces 2l n. Noguch i 1918
§ ( Urine, Body 8emp., wks ., or mos, Sawers 1938
L. ;cbeggggﬁorrhapica
R.T. Still infectious 2 d. 1916
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TABLE ~j§fi THE SURVIVAL OF' RORRNI 1A, LEPTOSPIRA, SPIRILLUM AND
TREPONEMA SPECIES iU 'I'HE TODY. (CQN'T) (AND BODY MATERIALS)

Pactor(s) Survival
TISSUES, (i-HLiAL

B. dutton.
Mousce tlsaue. 78 C. 1 mo.
Frozon rabblt testes, 700, 1 yr,

L. ictorohemorrhagica
Infected 7.0 Tilvaer in icd 26 4.
Who o oplg Liver “ocks,
20 0, frogen “iahle % virulent 100
whole pip Liver blocks,

Lyoph - 1i-ed 0

Irozen rabbit testos, 78Q. 10 mos.,
Decomposing liver, R.T. 27 hrs,
Infeeted Liver, R.T. 3 4.
Infected G.F, liver. ico 20 d.

Treponema pallidum
Dead autopsy tissue, 5 C,
Rabbilt testis, hcavy susn
Citratcd rabbll blood,

3.5 ¢., mixed with

teatls

3-5 days after death
72 hrsa,

06 hrs.

Testicular in vitro x-tradt.

39 C,.
ho ¢
41 G.
L1.5 ¢.
Deed bodles of coung.
141 ..¢c children, reflrip.
Ruuwbit testes dried in
vacuo from rrozen stato

Corpse of cong. syphilitig

child
Corpse of
child, dried * incub
Liver % sterillzed «all.
Liver with bouillloh,
Liver with WoC?
Liver wit?
Human autopsy mavorlal,
Ice box
Chanare
Saline susp.,
ticle, R.T.
Rabbit testicle, ice
Rabbit testus, 5 Go
Autopsy mat'!'l. from syphil-

" "

rabbhit teg-

HoX.

gyphi-

i
37dq Racov. 0 72

_r:; hra,
3 hrs.
2 hrs.
1 hr.

2l 36 h.

nil.

5 d.

IS,

(BN |
W

| Recov. 0 72 h-
i it 1]

J

} 1" 1
; n "
! I8 hrs.

{ d.

b‘ﬂ do
53 d.
Reecov. in 3 d.

It

]
|

1itic patients, & C. ' Roecov., in 3 d,
Susn. rabbil Lestes, -78 C. o yr,
Tiasue susn., 37 C. f 2 h.
Syphilitic mat'l. 10 C, {3 b,
" ice chest | 2i} h.
n LB o, I 30 m'n.
Tissue susp., 0 C, 2 h.
Autopsy mat?l.in ige bhox. | 7 d.
Rabblt testes 10 d.

—r.

Reference
Oag 1939
Turner 1939
Buchanan 1927
Stravitsky 1945
"
Turner 1939
Uh%enhuth 1916
1"
Armuzzi 1926
Block 1941
"
Bogk 1932
"
1t
Hoffman 1926
Hampp 1¢51
Koch 1911
Krgtzeisen 1923
"
1"
Laﬁy 1921
"
L]
Levaditi 1946
1"
McLeod 1649
Mlyao 1630
Ne%sser 1911
1"
Miyao - 1930
Rosahn 1935
Porry 1948




TARLE _BA wHE SURVIVAL OI" “ORERTIA, LEPTOSPIRA, SPIRITLLUM AND

TRISPONEMA

Factor(s)

T1SSUES, CLNWRAT., CON'T.
Treponema pallidum
Frozon cxudates

Toaticul sr sxtracts, -10 C
" " 20 C.
" " 7% ¢

Teatss of rabbit. .78 C,

Excined shancre, R.T,
Drled in vacuum

T, pertonew
37 O, tissue swp,
Te
e

:ates of rabbits, .78 C,

SPECLE

s icular extracts, 78 O,

VLN 10K BCDY (CON'T). (AND BODY MATERIALS)
Survival Reference
j'].3 MOS Shnint~ff  19L9
, 42 Moo Turncr 1938
"
1 I "
3 oyrs, Turner " 939
68 hrs. to l4 4. Zurhelle 1927
2 h. Miyao 1930
1 yr. Tummer 1938
3 yrs. Turner 1939




TABLE _ P23  THE SURVIVAL OF BRUGELLA SPECILS IN THE BODY (AND
BOOY MATERIALS)

s - R TR - SO

. Factor(a) Survival . Reference

: BLOOD

‘ B. abortus

. Sterilc rabbit blood susp{ At loast 5 yrs. Frobisher 1947
e B. bronchlsepiica , -

: Sterlle rabblt blood susp| < yrs, R

§ Rroth culture. 0 C. L3 d. Hampil 1932
g B3, melithnsis

8 Stcrile rabbit blood susp| 3 mos. Fro bisher - 1947
; Normal skin of G-P. more vulnerable to B. melitens$

entry than digestive tragt. Hardy 129
Be. spp
cltrated l|C. from con-

: valeseing pat ent. 6 mos., Spink 1950
; B. suis

" Sterfle rebbit blood suspl 3 mos. Fro bisher. i947
i FECES

Dy B, abortus

N Tsolated fnom patient's Surviving in 16th month

! stool in 10% CO,, aerobid- of infection. Amoss 1929

i ally and eunserohbically.
B, melitensis

Dry, sterile manured qoil 72 d. Horrocks 1606
moist, sterile " 7 d- "
‘ " unstorile " " 20 d. "
B, suis
- Feces, ster le, dark. 100 d. : Anonymous 1933
‘ " " 100 d. ~Cameron 1933
X SKIN .
1 Bs mel itenslis
i 34,57 inhibited on normal
: human skln - Hill 1933
URINE
! B. melitensi
; Favorable condiiiong b6 d, Bang 1894
- Urine cotam. with dust, } 30 d Chief 1chl
TISSUES, LNLRAL !
, B, abor'tus | ;
: erus of cow, I".P. ‘9 mos, Bm g 18¢7
5 Uterine oxudate " 7 mos. "
f Hor, lymph nodes. Found in packing house | McCullough 1949
ﬁ Dogs fed aborted fetus, '
g placenta % lymph nodes. | Viruicnt 151 4. Morse 1651
B. melitensis ‘
Uterus, E.P. 6 d. Bang 1897
Colon at autopsy More prevalent in cold
wet season than dry & hdt. Lyre 1908
B. sulis
: 37-39 C., In vive Did not persist for rro-
g longod periods. Braun 1951
A ] Hop, tissuc, -10 F, St1ll viable, 30 d. Tuddleson 1933
] Spleen Recov. small #., 4O d. "
Swine tissue, - 10 F, Nacov, good %, 4O d. M
Spleen, 4O F. L5 qa, "
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TABLE -BY TNE SURVIVAL OF Crose::DIUM, CORYNEBACTERIUM, HEMOPHILUS,
LACTOBEGIILUS, MALLEOMYCES, MIcHROMAGTERIUM, PROTEUS, PSEUDOMONAS,
SERRATIA %-SRVSITELOTHRIX IN TR NRODY .- {(AND-BODY--MATER]ALS )}~

Pactor(s) Survival References
BLOOD
Clostridium tebnani
Free uspores from animals
dyine of tetanus. Injeet
subeutanconsly Recov. up to 1l7th d. Canfora 1907
May remaln dormant at sitq of Injection for as
long as }} nos. Francis 1.91Y
Corynehbancterlum pueudotuber-
culosls (Prelsz-Nocard)
NHorso serum in flask, ligHt 11 mos. Urbaln 1930
" " " dark| 13 mos. "
" " test tube,light 1 mo. "
" " " dark| 11} mos. "
forynebacterlium diphtheriae
Washed, dried in sunlight
(serum) 121 d. Abel 1893
Sterile rabbit blood «usp{ Hundreds of strains
survived 13 yrs. Frobisher 1947
Hemophilus inflaen,a®
Sterile rabhit blood susp{ 6 wks. or less Probisher 19,7
Blood broth, -15 C. 2% hrs., Hampil 1932
"o ~20 C, 1% hrs. "
Hemophilus pertussis
Sterile rabbit blood susp{ 6 wks. or less Frobisher 1947
Lactobacillus acldophilus
Sterile ranbit blood susp{ At least 5 yrs. Frobisher 1947
Microbacterium, spp.
Sterile rabbii Hloed susp| 5 yrs. "
Proteus spp.
Sterile rahblt blocd suapJ 3-9 yrsg, "
Pseudomonas spp.
Sterile rabbit blood suspd 6 yra, "
VECES
Cl., botulilnum
Feces No survival Burke 1919
" No survival in human %
animal follww ing in-
gesti on Easton 102}
Cl., tetani |
Dog feces | 16 d. Sormani 1891
Mallecmyces vaeudont~liel ‘
26-27 G., cultupo 27 d. Fletcher 1928
1% phenol , 37 C, 2 h. " :
___ 14 formalin, 10O C. 2 he "
KIN
Proteus spp.
Protous spocies survived lev--m »n skin than on
filter peper ' Hellst 1c4L8
1.6% inhibpited on normal dkin Hill 1933
Pseudomonrs aeruginosa
Survived longer on skin than on filter paper Hellat 1948
L.4% inhiblted on normal gkin Hill 1933
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"T'E SURVIVAL OF CLOSTRIDIUM, CORYNEBACTERIUM, HLEMIPHILUS,
28, MATLLMOMYCES, MICROTACTERIUM, PROTEUS, PSEUDOMONAS,

SERRAT1A - [RYSIPELOTHRIX IN THE RODY (AND BODY MATERIALS)
Factor(a) Survival Reference
SKIN (CONT.)
Serratia muaracescens
Skin or arm, cult. dil.
1:1,000, dry Inoec., 718, Recov. S
, after 5 min. Arnold 1934
Skin, cult. dil. 1:1,000 | Inoc. 696, Recov. 151
moidt aftor 5 min. "
Skin of back, not washed Inoec. 1,000, Recov. 1
after 30 min. Arnold 1930
Skin, b»ody tomp., dirty ox
fatty. Recov. 0, 30 min. "
Skin, 37 C., before drying Inoec. 34,000, Recov. 0
in 15 min, Bry an 1933
Skin, 37 €., after drying | Inoc. 51,000, Recov. 0O
in 10 min. " _
Sterile rabbit blood susp. At least 5 yrs. Brobisher 1947
Survived longer on skin then on filter pesp er Hellat 1948
16.14 inhibited on normal |skin Hill 1933
Palmar surface, clean hand Inoc. 1,200, Recov, O
after 2 min. Norton 1632
Washed hide Inoc. 520, Recov 0.,
after 20 min, "
Palms of hands. Inoe., 1,200, Recov. 112,
after 1 min. "
Kept moist by water vapor!| Inoe. 920, Recov. 1,000
after 30 min Nar ton 1931
Dry surface of skin Inoc. 770, Revov. 900, '
aftor 70 min., "
Skin of forearm 0-1,0 min, "
Skin, motat with water Inoc. 310, Recov. 150,
vapor. 30 min. "
Unwashed tanned hide, dryd Inoc. 3,700, Survive
| . hre. 15 min. "
Washed tanned hide, dry. , Inoc. 2,440, Survive
1 h, 20 min, "
Dirty or fattiy skin Several hrs. Singer 1929
URINE
Malleomyces psoudomallel
26-27 C., cultupe 16 d. Flotcher 1928
TISSUZS, GENERAL
Clostridium botulimm
Intestinal tract, -2 V. l} mos. Burke 1919
Cl. sporogenes
War wounds. 5 yrs. Anongmous 1923
€l., tertilus
8T wounas . 5 yrs. "
Cl, tetani
.Llver, spleen, hone marroy,
lungs, lymph glunds. Freg Recov. up to 55 d. ' Canfora 1907
gpores from dyines animals.
Kidney, spleen "ound at site of inocu-
lation after 26 hrs. Koser 1917




TARLE BH 91 SURVIVAL, OF “TOSPRINITM, GORYNE
LACTOVAG T lTL”‘ T"ATJL SOMY SIS, 100 RC AT ‘7IUM PR
SEARATTA & 'RVLPRLOTHRIX iv @t ODY, {AND B‘O
Faotnv( Survival
TTSSUF:Sn GENMLRAL (((VT }
Cl. tetuin
Hovrsc intostine L omos,
Fresh G.P, fecos 16 4.
Reamaln viable at site of
inoculation 6 omos,
Recovaraed from liver, g leon
kidoey, lunes % hona marrow
Collawing subent. Inject. | 11d Lo ik mos.
Cor) nabac T‘nx Lo (llr)}ﬂ}lt)r"ln(\
S el arTed plocos O wka,
lnoc,. on membranes I mos.
Throat of boy ofter ait-cl Vivalent 6 mos,
Erysipelothrix rhuasionstihineg
Drled, dark 1 mo
Sunlirht 10 12 4.
Sal ted or pickled mo:t 3 ) wmos,
Carcgs: of buried anlmals | moa.
Eﬁysipelothpix AP,
15-20 C., curcass moa
Serratia mm* ‘ercens
Mouth, 28 16 v,

BACTLERIUM, TEMOITIILUS,
6TEUS, FSEUDOMONAS,
DY MATERIALS) )
Reference
No?le 1915
1
Semple 1911
Tarozzi 1906
Abel 1893
"
Macgreggor 1898
Hull 107
"
"
Los:. .. 10,
Hettche 1557
Teague 1912‘
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TABLY ,B_._é...

T SURVIVA!. 01 DIPLOCOCCUS

FNRUMONSAR IN THE BODY

(AND BODY MATERIALS)

Fpctor{a) survivel Reference
BLOOD .
R, T,, seplea tubos, dark ey Arkharow 1892
Broth, asliva, or 0,54 sal .| Vsry high mortality Dunklin 1948
ine suap'n, R.H, 4G-55%, rnte
Type I
Broth,saliva, or (0.5% apl. Long poriods
ine ~nsp"n, R.H. above or
bekow 50%, lype I
Injace 1nto goep.. 37C, 6% 1,72 hrs. Emmerich 159
Ste1lle rabbit blood susp'n| 5 o1 ¢ strains-.Syrs, Frobischer 1947
11 streina, 9 yrs,
Fiuad, defibrinated biood £ mos, Gilbert 1896
Rabbit blecod dried, UCF, 2 mon,e Stillmen 1940
glass & gaurne, light % ' .
dark, Type 1I{smooth)
4OF,, in 1ce box. dark, 12 mos, i "
%lnss & gauze, Type II
smogeh )
BOF,?qéﬁ s, daylighd 1 mo. w f
dried, Typs X
80 F,, on glasa, dark, driod 2 mos,
Type I
JOF, in 1csbox dark, Type I
glassa; 17 mou, i "
gauze 9 mos,
80F, daylight, gisss & geu~ 5 mes,
za, T II1{suooth)
YOF, dar®; glaass, Type III 7 mon, i "
80F, dark, gauaze., Tvpe III 11 moa, g,
LOF,, dark, icebox gloss | 13 mo- Fﬁ*p? III) p
LOF, dark, 166b.Q.é,m_.,sf..fv_u_z.:;*...wim,_'i.-éwfzw e " " !
SPUTIM !
ZTE,, Wi Guss, air drito [ HECOV. UAn a5 das Gatuano 1897
37C, driad ' LIos , Guarnieri 1888
Dried in test tubos, SUF,, ‘AO wka Stillman 19,40
diffuse dayligho, TypellI |
Dried, ice box, iU}, uark {uU vk,
Dried, Type I L owka, " "
Dried aputum, darky 35 days Wood 1905
diffus= light 30 cays
Moiat aputum, 22 <., dgrk; | 11 doys
 C.,, dark | 35 days
Molst sputum, 22C,, sirong |5 days " "
light
Dried, sunlight U4 hirb,
Powdereod, dark 1} hra, " "
Powdmred, sunlighsi: Lo,
Sprayed 2 hrs,
Molsat aputum LD whs
Dried,dnark 35 doys " n
diffvse ge pht . 1 _3C duys
GENBRAL
32.735 C, Abdominnl cavity U5 days Foa 1888




tsé

TABLE THE SURVIVAL OF i5C/UsRICHIA COLYI, AEROBACTER AND PARA-
COLOBACTRUM IM Il BODY (AND BODY MATERIALS) |
F tuv(m« Survival Reference
BLOOD ’
Normal rebbic serum, deying i Deatnh rate logarithmic [Chick 1912
80 that it 1s proporte ’
fonal Lo cone., of gur-
viving bacteria,
M,0. rdded to normal rabbit | Living bact. remaln " "
OLWNe e e e et BLOLI0NOIY,
I-‘E(II-IL) A )
Cow ferea Posed hita, Cohn 1650
Fl1, st-ol, R.T., dark by o days Dold 194l
Stocl, dried on (ilter pa- 245 days
per, R.T,, darlk
Watery stool, R.T,, derk I3 dnys " "
Thin watery stool dried on |
filter paper D143 dayy
Fluid scool, R,T., dark b man,
Fl, stcol, dried on filcor
paper, R,T, , dark ‘Recove pure cult, >8 mos{ " "
F1, stool. R.T, dark D5 mos, 16 days
Stool, dried on filter pa- | 7 moa, 21 days
par, dark., R,7,, J
Fl, svool In dark, R.T, ' >3 mos. 19 days " "
Dried stool 1a derk, R,T, | 71 days
Fl,stool in dark, R,T, ; 1 mo,
Dried stool in dark, R,17, 1 o,
Fl, stool, darx, R,T, . 204 days
Drisd stool, darg, R,T. > 6l days " "
Fecal susp'n., 20 €, b wonks Jordan 1926
37 C, 20 days
10 C, o2 wBely
<11 Cy { AB weeks
R, T 2 mos,
Pscen, -0 F Lo -3 R S AT g P Du=T 1 =nuarn 193y
')OSS-’! tc open alir.
Fecal amulsiong dilute,
diffuss sunlight 3 days MC¢ Negught 1410
inside window 11 deys
test tube, direct suniignu! 19 hra,
Fecos, saline susp’™n.,37 C.! <3 mos Parr 1937
Feces, ssline susp'n.,, 1ce- 599 days
box temp. ‘
Faces, 37 C, Ll yr, ¢ mos,
Feces L0 C, 2ovrs,
Feces, -11 C, |2l mos, " "
Feces, ice-box Lemp, 359 days
Feces, animsl, 61 F., { Rocovered 3-10 1n L wks.| Savege 1917
inoc,Ll-3 thos.5:=
Faces, ou stump, bji?:arn l
inve, 54E,000,/8m, | Hocouvored none, 18 das, | Tonney 1931
on stump, spring, iucc, !
11,800/ go., locovered none, 153 das,
on stunp, warm scason; ’ 10 dayy
pure cult, stunp, winter,
fnoc. 323,000, gme Hecovared none, 22 das, " "
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TABLE B4 _(* ONTID

o e e e

& e SURVIVAL OF sSCHERICHIA COLI, ARROBACTER AND
ARACOLOBACTRUM IN THE BODY (AND BODY MATERIALS) -

Factor(s) Survival Reference
V\-‘ T T e s T T T e T et e o n e e pr———
SKIN -
H!Pﬁlmﬁar surface, clean, inoa,|Recovered 1 after 10 min|Arnold 1930
» 000
Skin, body temp. dirty ox Severagl hours
fatty.
Skin, palmar surtace, clean,|lecovered 0 after 10 min
hand;, body tomp.
Swin, 37 C.;, inoe. 78,000 Recovered 0 after 10 min|Bryan 1933
Wiping hand with towel Grubb 1947
Survived longer on skin thrn|on rilter paper Hellot 1948
33% inhibited on normal humeh skin Hill 1933
Palm of hand ntire ly destroyed in Krueger 1942
10 min,
Skin, desiccation, high R,H;| 8 hrs. Rebell 1950
. 96 Fo 2 wks
URINE ‘
Exposed to open air, -8 F to »100 days Lu-Ti-Huan 1930
RAL
Stomach-absence of fres HCl, Coliforms found in abae Lohr 1927
undance
Isclated from frozen shrimp more frejuently than any | Holmea lo49
other coliform organism,
FECES
Aerobactar aaropgenes
Crude; dll. 1L/100,000 Mot given Atkinson 193}
Sterile rabblt blood ruapl 30 yrs. Frobisher 1:&7
Tound by many workers In human fecoa Gra'y 1932
Fresh, R.T, 16 4, Jordan 1926
Pure cult. on stump during
Wllzzard in winter 9 d, Tonnev 107
BKIN ' ST
Acrobecter nerogener
5% Inhibited on hormal huhan skin o)
BLOOD b Hill 1933
Paracolobactrum neropnanea
Sterile rabblt blood susp|, 3-9 yra. Frobisher 1947
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THE SURVIVAL OF METAZOA AND
PROT(CZOA IN THE BODY

" (AND BODY MATERTIALS)

T

Factor(a} Survivel Reference :
BLOOD
Anaglaamosia(ﬁartonell
bovis)
Dried blood £ 3 daa Dypatra 1948
Blood submitted to heating 0
and chilling over period
ol Vb das.
Plasmodium vigax :
=50 to =70 %. 10~15 das Ssunders 1947
Tryponosoma sgquiperaum
Bats kept at low temp.,
10 C to 3-4 C, Do not develop Kalabuchov 1935
33 C, to 37 C. Develop 1in blood in
short time ;
FECES -
Entamoeba histolytica -
Feces 37 C. 2.4 hrs, Gureviteh 1947 -
Feces, 25-30 C, 5-8 ‘hrs,
Feces, 6-8 C, 8-10 hras,
Infected fercs, 27-30C, 9 das. Kuenen 1913,
37 C 3 das, -
Infected teces, with Tcc Recov. 13 deasd fhisoms
salt mixture, freezing., hrs,
inoc, 50 cyats
S¢ool emulsion, R,T,;, all~| 10 min, Spector 1534
owed to dry uvn fingers : :
Dried feces Instant death Wenyan 1917
Very dilute fecoa > 1 mo.
Feces with tree C.L-~ in No etfect in meversl
w ster, 1:10,000 hrs,
0 8., 16 nr, cult, 9 das, York 1926
16-20 C. 7 das,
0 C. washed % conc, cysis |17 Jdas,.
16-20 C,, washed & conc. 10 das,
suspension,
Ruman feces, cult., tube lu das, Dobell 1936
R,T., 4 hra,, and 14 C, tor| 2 das,. Beaver 1949
14 hra, '
So1l plus satool plus water| ©& das.
R.,T,, 1 hr
cC. 12 hrs, L das.
28-34 C, 8 and 4 days. b "
Foces 3 daa., Rudolfs 1951
Entamoeba codi
Humen feces, 1-2C,, cult- 4 1/2 mos, Dobell 1936
yre cysts
Sgool emulsion, R.T,, all-| More resistent than Spector 1934
éwed to dry on fingers E. histolytica
Entembeba coli marcorcarum
Monkey feces, naturally 4 1/2 yrs, Dobell 1936

infected
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TABLE 27 (CONTID)

THIE SURVIVAL OF MBTAZOA AND

PROTOZ0A IN THE BODY

FRCES(CONT D)
Hookworm

——rt——

. Night =01l dil, with

Necator smericanus

60 F,, strong sunlight

Factor{s

Night soil, dil. with
urine, summer temp.

urine, summer temp,
Human feces, direct aun-
light
Moist feces, lab, temp,
Water, moist {eces, larvag
Fecal mat'l in abamdened
latrine in brickyard

ST'rong sunlight under
glasa

Ascaris lumbricoldos

L5 G,

Human feces on sand in !
sun, ova

Human feces on sand in
shgade |

Clay in sun

4 Clag in shade

€

Trichuris trichuris

"Fecal susp'n of eggs

|
Loam in shade i
Human f'eces, in shrde |
Pig feces, in shade [
Human feces, drying in !
sunlight, 130 F. |
Pig feces, sunlight, 130F

Human and pig fecea, 1ly-
ing shada

Human fecos mouist with
constant temp, 40-50C,

i
|
'

Pig fecea, moleh with
constant temp. L0-~50 C.
45 C, conmpost

54“'55 C.

Human feces, 30 C. on

covor slip, incubator,
moisturc, sat'd, inoc,
1000
=12 C,, 4 dns incubation
betore exposure
«9 C,, 4 das incubetion
Sand in shade, human

Eggs of T, trichiura, as well ns N. smericenus, 4.
lumbriconides, T, srginaba

thru cockrogchk unharmed.

(AND BODY MATERIALS)

Survival

99% killed, 2-3 wks.
99% killed, 2-3 wka.

Lethel wven in moiat
tropacs
13 mos,

7 moa.

3 mos.

>2 hrs(larvae)
1 hr,

2 hra,
21l days
Recov,.90,8%, 35 das.

71¢% motile, 21 das,
85% motile, 21 das
89,3% motile, 21 das,
12-97% motile, 4 wks,
99% motile, 4 wks,
5-40 % disintegrated
> 1/2 hrs, .
5-30% disintegra
27 1/2 hrs,

: Recov, 0, 2 wks. ,

34% ova disintegrated
in 14 das.

40% ova disintegrated
in 1§ das.

3 moa.

3*5 min,

All degenerste in 27-
35 dasn.

Recovered @, 29 das.

-6 d as,

Recovered 4O%, B des,
4% motile, 35 das,

s 9, nacinatebium, pess

a in

Reference
Cort 1?25
Cort 1926
Fausat 1924
Gglll 1905
Leichtensternlt87
Nicoll 1917
Nicholls 1939
Brown 1927
Caldwell 1928

" "

i "

" "
Nichells 1939
Nolf 1932
Radolfs 1951
Nolf 1932

Brown 1927
Mocfie 1922




TABIE E7 (CONT'D) THE SURVIVAL, OF METAZOA AND
E— PROTOZ0A TN THE BODY
(AND BOLY MATERIALS)

‘i Factor(s) Survival Reference
URINE
A. lumbricoides
Human urine Vo survival ' Yoshids 1920
Trjchomonas vaginalis
Urine, 20C.; inoec, with Few glive in 20 hrs, Jirovee 1948
vagingl secretion '
ENERAL
T. vaginalis
~ Vaginal discharge Recov, 2=4% in 6 nrs, |Kessel 1950
Vaginal discharge, R,T,, >5 das. Kirby 1943
Peraffin sealed cover-
slips.
Pus, dry 3 hras, Swift, 1937
E. histoiytica
C¥st3 drying on human 5 min, Spector 1934
18N
Cysts pass through cockrogeh unharmed Macfie 1922
T. batrachorum
In Riagna plpiens, R,T., 6 yrs & 11 mos, Wenrich 1949

distilled water, and
gastric muecin
T, wenyani
In white "rate, R.T,, with L yrs. " "
ji distilled water and
gastric muein,
In amphiuma, 8&,T,, with 4 yrs,(T. prowszeki)
gestric muein
T. sugusta
In Rana pipiens, R,T,, 2 yrs,
with water & gastric
mucin,
T. hominis

- N - . -
Iiy man, 37=3u O, an wat- 2

er and gsatric mucin,
T. species

4

4
*
4]

From Crotelus horridus 2 yrs, " i
Trivitus parve
From Triturus viridescens 4 yrs, " "
Monocercomonolides
From Lipulid larveae ly yrs, " "
I. 8pp.
From Jepanese beetle lar- 4 yrs, " v
vae.
_Trichinells spiralis
Gep., rat muscle, pork,
pork smeusage, ~35 C, 2 Hrs, Blair 1934
-17.8C. 53 hrs,
Tr, spp.(larvae)
Purk, ~27C, 36 hrs, Gould 1949
‘ -30C, 21 hrs,
~353C, 10 hrs,
~35 C, 40 min. " "
-37C, 2 min,
i




TABLE Eg_ﬂ TFE SURVIVAL OF MOLDS, YEASTS A FUNGI IN THE BODY (AND
BODY MATERIALS)

& Factor!s) Survival Refersnce

‘ SKIN

" M, oudouinl

- Halr Lo q Farley 1921
Hair in well stoppsared

bottles i25 ¢ Robinson 1948
PTrichophvton interdigitale
Scraplves from toes 300 d Mitchell 14922
SPUTUM

Coccidioldes iomitils
Spntum, sun wlth earth Vogetative form, 30 d
Pavasitic stuge, 240 é¢ |Rosenthal 1950
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THE SURVIVAL OF MYPOBACTERIUH

_ SPECIES TN THE BODY "
‘&AND BOD¥:- MATERIALS)

Faator(s) Survival Reference
BLOOD .
M. tuberculosis
Seline soln,, R,T, 10 weeks ' Coulthard 1951
In arachis oil 10 weeks
In saline and arachis oil | At least 26 weeks
Humen whale blood U} days Dgvies 1939
Hemoglobin inhibits the grpwth of the tuberecle
bacillus., Eftects proportional to cone. of hemo-
lobin, -
FECES 4
M, tuberculosis
Feces, RH.Y., dark, summer 1 day Abe 1949
fall 3 days
winter 9 days
Feces, 8 C, St11l virulent, 3 1/2 mo|Gertner , 1898
Dung Virulent tubercle baci- |Maddock 1933
llus remasined after 178
days "
Feces, No. of M.0O. in fecep proportional to those |Nussel 193
of' sputums
Feces, cool, stored in
Jars with loose lids,
natural infected 12 mos, Stenhause 1930
Feces, cellar, dark, with
muslin to exclude insects )
artificelly infected 2 years
Liquid manure 4 mos.
Liquid manure, winter, ar-{ 5 mos,
tifiecally infected
spring 2 mos.
*all 4 mos. " n
sutumn 4 1/2 mos.
Cow feces , exposed on )
pastureland, winter 5 mos. " n
spring 2 mos,
autumn 4 mose.
summer 2 mos,
Cow feces, protected trom
sunlight, summer 4 mosa, n n
autumn 6 mos.
M. paratuberculosis
Infected feces, atmosph- 246 days Lovell 1944
eric conditions ’
PUS
M. tuberculosis :
Pus, room temp., derk Vieble 4 mos. Abe 19,49
Pus, R,T,, in helf dark Vigble 3 mos,
SKIN
M. gyberculos;§
Human tubercle baclllus 7 yeasrs Heymans 1927

in reed capsule pleced
under skin of cattle

2ttt
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TABLE _H7 (COoNT'D)

T SURVTVAL

O BPYCORACTWRTUM

Sk NP BOhY

(nnD

Faztor(s)

SPUTUM
M, tuberculosls

Sputum,; R.T., dark
Sputum, halfl dark
Sputum, 37 C.

Sputu; direct sunlight
sunmar
fall
winter
Sputum, diffuse light
summer
'all
winter
On window of room
spring
fall
summor
Sputum, exposed to sun-
Light, 12.14 C, R,1,50%,
afternoon
noon
diluted 1:2(5:00 PM.)
diluted 1:25
Sputum, exposed to sup-
light’ 7"900, HOH. Ll-o%
afternoon
diluted 1:2
diluted 1:25
Sputum, 43«35 C, R.H, 40%
Sputum, aried; surt'sce of

wooden tongue blads
Dricd AN el b

A REARE N S

Mixed with dust and expo-
sed to suniignt up to
72 nrs,

Dropluts, 15-20 C

Droplets, 10-15 C,

Direct sunlight

Diffuse sunlight

Dried in layers not too
thin,

Desiecagted, 30-40 C,

Sputum

Dropk ts from speaking or .

coughing, 45 C,
Loud speaking, droplets
L’-) .
Drops from bronchial tree
Dried sputum

Coughed on peper, stored

in bell jer, dried 2 hr,

S Y BATIERTALS )
|

i Survivel

e — - o e+ e —m e mmaray ¢ e

Viablc 4 mos,
Vinble 3 mos.

_ Porsistence time 10 das.i

" recovery tine 0O ~

50-80 min,
60"110 minc
90-.24.0 min,

days
days
aays

- o

drys
days
days

> Co\w

N el
]

9 min, recovery 124
‘1 ='l4. mina
+1 min,, recovery 3 /A

R A I I

1 min,; recovery 3 /
u min., racovery 4

L m e £l A S TE M SRS W A s e em e

Iniective for g.p. 4 =
18 weeks

No wviazbls atter 3 yrs,
Viablo when inject, into

g.p. 2=l nrs,

C 30-140 days
-5 days

Few mins, to few hrs.
" Severci days

Several mos, to 1 yr,

. 9-10 mos.,

6 mos .
300~600 times increase

- in count

30 min,

Ueveral months

) 50% infeet, in 2 das.,
none intect in 31 das,

Reference
Abe 1949

1 "

1 1

1" 1]

1" 1"
Albini 1940

" 1]

" "
Avrms 1912
Burns 1917
Celawell 1925
Chausse 1912
Cornet

1"

De Thomas 1886
Cornet 1904
Flugge 1921

ki 1§
Hgrder 1913
Kenwood 1915
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*ABIE _B7 (conr' D)

-—— P L

THI; SURVTVAT. OF MYCOBACTERIUM
SPECIHNS IN THE BODY
(AND BODY MATERIALS)

Ry

ffined bottles
Dark closst

Dark moilst box, bottle
stoppered with cotton
Diffuse light, ordinary
room, paraffined bottle

In fce

Dark closet, bottles
stoppered with cottoa

Loaion ir 100 das, no

Produce no lesion in 188
des.

Lesion 1in 160 das, no
legion in 188 days.
Lesion in 157 das., no
lesion in 172 deys.
Lesion 124 deys, no lee
sion ih 175 days

Lesion in 102 days, no
loaion in 152 days

lesdon in 14l daeys

Moist, light place in
sand

Lesion in 123 das, no
lesion in 148 days,

Factor(s) Survival Reference
SPUTUM(CONT'D)
M. tubercuicsis
- Droplets, 4-7 days Kirstein 1905
Desicecated Several mos, Koeh - 1882
Alternstely dried and 12 days Malessez 1883
moistened .
Sunlight Few minutes to 48 hrs, Mazer 1924
Ultra-violet- lamp for 3 |Required 25 min, to des- "
min. ot distence of 5", |troy sll orgenisms
Thin layer, dried Still virulent, 30 min. [Migneco 1895
Direct sunlight None recovered,24-30 hrsy
Dried in sun 18 hrs,
Exposed to light and air
in June & July <uS days Ransom o=
Little or no eir and dark| 16 days '
Dried 24 hrs., dark >1 day
Dried 24 hrs, dark, expos¢y >35 daye "
ed to littie air
Dried sputum 179 deys Schill 1884
Desicceatsd Several months
Mrect north roomlight,
45-76 F., R.B, 17-67% 4 hrs. to 5 days Smith 1942
Direct north roomlight, 9 das. Y0 5 mos.
darkness
45 F,, R,H, 17-62% , derk] 6 1/2 - 14 mos. " "
70F,, 83% R.H., asrk, 42 days
nover slip
63 F., 7% R.H,, danrk, 15 days " n
water susp'n,
72F,, /9% R,H, dark 18 days
In India, direct sunlight| 68 days Soparkar 1917
Desaicated in derk 306 days
Direert sunlight , -t hrs,
Decomposing sput., test 20-26 days " n
tube . ' .
Dried in thin sme ars 4 mos. Sormani 1886
Dried sputum 10 mos.
Fluid sputum H=-11 days Toma 1886
Dark, moist box in parie- Producelesion in 170 des.|Twichell 1905




TABLE B7 (CONT'D) THE SURVIVAL OF MYCOBACTERIUM
SPECILS IN THE BOLY

. (AND BODY MATERIALS)

& Factor(s) Survival Referencs
. SPUTUM
M. tuberculosis
Out of doors, winter mos, | Lesion 1in 110 das, no Twichell 1905
open bottles lesion in 132 das.
Handerchief Lesion in 70 das, no
legion in 110 das " "
Woolen blanket Lesion in 70 das, no
lesion in 110 das.
Wood Lesion in 70 das, no
lesion in 110 des, " "
In thermostat Lesion in 33 des., no
o lesion in 70 des.,
Dry 1light place, sand Lesion 30 das.,, no les-
| fon 70 das. " "
j Carpet Lesion in 39 das, no
: lesion in 70 das.
; Direct sun Lesion in 1 hr, , no
i lesion in 7 hrs, " "
: Dried, R.T, Infective 70 days ' Twichell 1906
| Dried on carpet Infective 39 days :
20 C,, derk 4 mos. , Videl 1934
2 C, 12 mos. i
Dried Several weeks t Villemin 1869
3 M. paratuberculosis i
Electric light T4-100 deys i Soparkar 1917
. Direct sunlight 10-12 hrs, [
= - Diffuse light 30 days !
Diffuse daylight 6-8 days " "
URINE
M. tuberculosis
Room“temperature, dark; Vieble 4 mos, Abe 1949
in half dark Vigble 3 mos,
22 C. Yiable e
60 C, Recovered 0 in 1,5 hrs, | Nasta 1930
Refrigerator Recovered O in 30 deys
Inject into peritopneum of | Lose power in 30-40 das. " "
EENEﬁﬁL
M, tuberculosis
Dried or broken up orge S$il1l virulent at 43 & | Cadese 1588
anic matter 38 das, respectively
Pieces of lung =1l to -8C.| < one week
exterior windowsill
Lung tissue inove, and 167 deys
buried
Bacilli remain in phthisicdal cedevers tor severel | Celmette 1920
years .
Pistilled water, 37 C, <1 day Davies 1939
0.9% seline, 37 C. £l days
P Lung of rabblt, .80 meter| M23 days Galtier 1887
undsrground
In bile Growth more rapid then Larson 1922
in sosap




| mABLE B9 (CuNT!'D)  THw SURVIVAL OF MYCOBACTERIUM
l SPECTIS IN THE BODY
| (AN 1BODY MATHRIALS)

— T Ja I - i s - .

I
\
t
i
i

& soocePbhotor(e) Survival | Reference
| GENERAL(CONT! L)) i ,
| M. tuboreulosis i .
; Rabbit tissuo, buriod in | 3 mos, 6 das Potri 1921
! zine box ;
! Burted lung i 2 L/ yrs, -Schottelius 1490
’ Intestinagl contonts, cow,
not infoct, asubumn 4 mos. Stillman 1938
sumuer 2 mos.
Lung 3 yoars . Stone 1491
Rabbit lung, liver, sploen
kldney, 20 C., sterile;
in vitro 5 days. Yidal 1934
Rabbit tissue, 2 C, 10--30 days
{ Lymph node emulsion in in-
: culfator in selt soln. 87 deys  Webb 1921
{ Lymph nodes coatoed with '
E collodion 7 days ,
: Liver snd spluven coaled 3 wks, !
¢ with collodion }
4 Rabbit lung ly mos., ner rrbbit .Wells 1941
3 “"réllowing exposure to
¢ air
[ Dead puried fowuls - At lerst 1 yr, Schalk 192t
: 3 I.. paratuberculosis o
i Intostingl screpines mix- | Hdocovered in 163 das. Lovecll 19ul
ed with river "ster, outui
door temp, ‘
B.C.G. |
Splecn of g.p. ' 53 days Gornz -Rieux 1950
Axillary lymph nod:s I 175 days
1
|
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TABLE B/¢

THID SURVIVAL 1 MICTNOCOCCUS

SPECTIAS Iy 'Mnd By

(AND BOLY MATERIALS)

|

Factor(s) Survival Reference
BLOOD i
HQ‘ SEEO ‘'
Sterilu rabblit blood suspn{ 24 strains viable 9 yrs,|Frobicher 1947
;15 strains vigble 19 yrs
FECES {
M. pyogenes var, aureus ;
Feces, sunlight with heat | Bactericidsl ettect not |Lenmenn 1931
marked
BKIN
M.. pyogenes var. aureus
Skin, 37 C,, inoc. 161,000 Recov, 34,000 in 15 min.|Bryan 1933
Skin, lett palm, expose
m.o, 8 min., inoc.2568 Washed ort 1luyly Burtenshaw 1938
Dead skin, expose 10 min, | Washed otff 1560
inoc. 2568
Skin, infrememmary fold, _
. ‘down 807% recov, in 1 hr, Cornbleet 1952
up 20% recov, in 1 hr,
Skin, exilla , arm up; 32 % recov, in 30 min,
arm down 61% recov, in 30 min. " "
Interdig. spaces of toes,
toge ther; 73% in 30 min,
apart 24 % in 30 min, " "
Perianal fold, closed; 76% recov. in 30 win
open 28 % recov. in 30 min
Palms, clasped; 53% recov. in 30 min,
open 6 % recov, in 30 min, " "
Growth in sweuat of akin Alksline areas slower
than gcid in selt ateri-
! 1izing ection " "
Nall beds and aresas sur- : Less eftective at ateri-
rounding nail beds lizing then normgl aress: " "
Kerstotic arens o more elfective at re=|
. moving M.aureus than '
 normal aransg " "
Moist saregs | Pepression of steriliz
ing power
Denuded epithelium | Not as effective in re- " "
roving Staph. as intact
areas,.
Pravious exposure to U,V, ! Does not enhgnce dea= " "
tructive power against
Staph.
Skin of persons with tur- | Remain longer then in " "
unculosis skin of othera
Psoriatic lesions, bered | Free themselves of Staph
of' sceles fast'r thon lesions with| " "
sceles,
Survived longer on skin than on filier paper Hollob 19u8
17.2% inhibited on normal jskin Hill 1933




]
|

i

&

TABIE B/¢ (CONT'D)
| o

Fuotor(s)

THE SURVIVAL OF MICROCOCCUS
SPECI LS
(AND BODY MATERIALS)

IN THE BODY

C s e e S et e T e

Survival Reference
SKIN(CONT'D)
M. pyogenes var,., aureus
Washed hklde, inoc. 900 Recov. 360 in 30 min. Norton 1932
Washed ypide, inoc, 1,000 |Recov, 25 in 20 min,
g:unds T Racov. in 18 of 82 wound~§ountree 1947
rty or fgtty skin Seaveral hours ‘Singer 1929
SPUTOM o T 122
M. pyogenes var. sureus 4 :
Increafed survivel time dried sputum Bordoni 1891
TERERAL =
M. ogenes var, aurseus
- Boﬁy temp., Recovery 0 Arnold 1930
Pus,R,T, 21/2-31/2 years, none |Bormenn 1940
of pathogenicity lost
Exposed to long chain Lethal Burtenshaw 1945
fatty acids ‘ ]
Pus,|Funlight & heat Bactercidal eftect not Lehmann 1931
TR marked
Boils, 11 strains,
pH 2.6 8 vigble at 24 hrs, Hell 1921
pH 5.0 3 viable at 24 hras,
H 10,0 10 viegble at 24 hrs,
Bolls, .11 streins, .
pH 2.6 10 viablo»w-?:;days " "
pH 5.0 1 visble at 7 days
pH 8,0 l%!ttb&e at 7 days
pH 10,0 10 viable at 7 days
Abscesses, 4 strains
pH 2.6 2 viable at 24 hrs. " "
pH 5.0 2 visble at 24 hrs,
pH 8.0 0 viable at 24 hrs,
pH 10.0 1l vigble at 24 hrs,
Abscesses, 4 stralns
pH 2.6 2 vigble at 7 days " "
pH 5.0 2 viable at 7 days
pH 8.0 0 vigble at 7 days
H 10,0 1l viable at 7 days.
#fpihal fluid snowed various pH ranges " n
M. pyogenes ver, albus
Sputum, antrum nose, skin, '.-oat, urine gnd uter-| " "
us showed verious plH range:
BLOGD
Gaffkya spp.
Sterile rabbit blood susp, £ yrs, Frobisher 19,7
GENERAL

Sercina luten
Swabbed: in large amounts d
membranes, crypts of tons

recover in very short tin

)

n tonrue, nasal mucous
ils, TImposusibl. to

C

Bloomf leld 1919
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TABLE _B/| THE SURVIVAL O PHE 'NEISSERIA
SPECIES IN THE BODY °
(AND BOUY MATERIALE)
Fpoetor(s) Survival Relcronue
—— e — P ...~..k-...~-r~w o wen Ve T s s e
BLOOD
N. gonorrhoee
Sterile sorum sealed with| 16 mos, Unge rinan 191¢&
layer of paraffin
Sterile serum sealed with| 7-8 weeks
layer of paraffin
N. meningitidis
lielow 16C., soaked in <2y hrs, Downise 1940
aterile horse serum
Nasopharynx, body temp. Avg, 6 mos,(longest 608 | Embleton 1919
des.; shortest 3y das)
N. spp. - ,
Sterile rabbit blood susp| Neisserjs--6 wks-3 mos. | Frobischer 1947
URINE
N. gonorrheae
Male with urethritis | = cccmmem-a- Charles -
20-26C, pH 5-8.5 ng colonies survived Carpenter 1933
48 hrs,
Sediment 22C.,pH 5.0-8.5 | 8 cola, survived 36 hrs,
Sediment 4 ©,,pH 5.0-8,5 (13 cols, survived 36 hra,
pH increments of rrom $.0 |Strains isola ted--8,23,
to 8.5 17, 19, 15, 0, 2
Tempergture | === 0 o secemmme= Allison 1942
GENERAL
N. gonorrhe
Urethral secrotion, =5 to | 1 hr, some reduction Hamptman 1930
2 C., pH 7.4-7.6, grown
on asclitic agar;
plus 12 C, pH 7.4 8 hrs. some reduction
plus 22 C, pH 7.4 1? hrs, some reduction
Urethra, body conditions | <3 yrs Keyos 1911
Fresh pus, 22-23 C, Still viable 24 hrs. Schofield 1927
Cgses successarully treated No survival times Cohn 1946
& operated on,
N. meningitidis
Dried humar secretions Several days Jungleblut 1935
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TABLE B)2-

THE SURVIVAL OF PASTEURELLA
SPECIES IN THE BODY

{AND BODY MATERIALS)

Factor(s) ) Survivel Reference
BLOOD *
'Pe post _
Blcod allowed to putrefy 100 dea, Ostorteg 1908
in test tuve .
« 0 hemorrh c gopticenip
Mx Fhysiolo se 5 _mog, Jagotot 1926 -
- P, ot ew
= ‘swiné gocea, Reecov, O in 4=5 das Gartner 1898
P. .
- Ep'grue feces St 1iv Gladin 1898
SFﬁTUM e M ' -
L. stis '
Droplets  emmessces To pxue 1912
ORINE ' ' ’
Pe stls
~ Sterile, R.T Still elive 3 mos,. ] 1 1898
Fﬁﬁﬂﬂxﬂ
P. sti
Spioon of invected g Pey | Virulent 14 mos., sligh-| Francis 1932
-15 C, tly vir, 2 yra. 7 mos,,
désd 3 yrs. 5 mos.
R.H. D\37%, temp.)y0 F, Restricted to srsas with Nonr 1951
these t'actors _
Corpses of C. pygmaeus Viable 23rd day after Novikova 1934
“ | death
Frozen cadavers in Manch- | Vigble 3 mos, after Strong 1942
uria death
Cadavers with putrid spl- | 4 days - " "
een
Cedavers after burial 3-30 das. l }
Glycerina in splaen; -15C.! Viabla 7 yrs. i Frances 1932
. tulgrenggg
z 2 ., Internel organs 3 das, Anon, 1947
Human t;uue Viable M,0, obtained Foshay 1936
from human tissue 2«3
mos, after pt. recov,
Spleens glycerinated =14C,| 10«13 yrs, Rull 1947
Frozen animal cord 42 mos,
Frozen brain 36 mos.
Frozen spleen 18 mos,
Prozen muscle 12 mos. " "
Frozen bone marrow 6 mos.
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TABLE B\3  THE SURVIVAL OF RICKITTSIAE IN THE RODY (AND BODY

MATERIALS)
Factor(s) Survival Reference
BLOOD
R, conorii
Human blood, ice bhox Blanc 1932
R. rickettsil
rozen dbrain, -70C ing 1930
ce blood end tissues ox 1948
EC
R. andersoni
eces Philip 1948
TIS 3,
Re rlckettsil
=70C, frozen brain King 1930
R. prowazekl
Braln, 50 Macchiavello
1237

Tunica vaginalis, 5C




TABLE P ,zg THE SURVIVAL OF SALICIISLL. J32uCILis IN THI LODY (AND BODY
_ MATERIALS) .

after broiling
after roasting

L

‘Recov. \18% in 42 ain,
Inoc. 92,36 x 10 /gm
Recov. 0.1% in 140 nin.

Qi Factor () Survival ; Revercnce
BLOOD
Sterile ralbhit blosd su=p, : % yra, JFrob b 047
FECES N i T
S. enteriditis i
T"Fiuid stool, R.T., dar. | 8 d. iDold Lo
Fluid qt001 R Tu 18 d, l 1] .L(‘)Av
Fluid Stool, R, 7., dark 11 4, P 19/
Dried - tnol, dark, R.T, 153 4, P "
S. paratyphi ’
Original feces L 74 d. Dnld 1947
Dricd fececs 421 d. | n "
, Fluid stool, dark, R.T. '18 d. .Dold 1944
1 S8tool dried nn paper, R.T. 38 mos, P "
3 Fluid etool, dark, R.T. .20 d. po" "
: Stool dried on paper, R.T. »5 mos, 16 d. P "
i S. peratyphi B |
! Fluid stool, R.1., dark, 115 d. :Dold, 1944
; Fluid stool, R.T. 115 4, " 1243
i 8, nchottmulleri ;
r Fluid stool, R.T,, dark 186 4. Dold Ludd
' Stool dried on paper, R.T. 58 mns, " "
Fluid atnol, dark 20 d, " "
S. speciesm .
3 Mot found in fecces of cockrnanches Macfie 1922
| e Rat feces, R,T. 148 q. Welch 1041
- S, typhimarium ‘ '
: Original fecee 74 4, Dold 1947
. w_ _Dried 41 4. . .
ﬁ KIN R |
i S, enteriditis !
: almar surf,, clean, R.T. Recov., O, 10 ain, Arnold 1230
l Dirty hande, Body temp. 574 mone, 20 min P
£ ucu_luy, Gft-s Vi ~u.s.u¢_, 100/; wane, 20 ain, o "
r Palm of hand Destroycd in 10 min. Kruege. 1942
) Dirty »nr fatty eskin Pev-oral hrs, Singer 1¢29
é S, Paratyphi
f Dirty or fatty skin Several hre, " "
v 8. typhimurium
‘Turkcy skin, frozen 13 mosl Browne 1049
TISSUE, GENERAL ;
8. typhimurium q '
Chicken tissue, 93-96 C. JInoc, 3.15 X 10 /gm. ,Husseman 1951




- TABLEBM THE SURVIVAL OF SALUONELLA 'UYPHOGA IN THE DODY (ATD BODY

MATERIALS)
& Factor(s) Survival Referecnecn
-—-o—mn-—— S SN
Normal goat serum, dried Death rate logerith:aic in
response to conc. of
svrviving organisms, Chic.. 1912
Sterile rabbit blood suﬂp. LTy, Frobi: .« 1047
: Sterile " " 1 str, viable 18 yrs, " "
: Blond & peritoneal fluid, I
i R.T., air excluded Virulence preserved »10 yr.Puntoni 1924
g FECES i
Freezing Several ainutes Beard 1940
Fluid stocl, R.T., dark 4 d. Dold 1¢44
Fluid Stool, dark 4 d. | s 1943
Stool dried on filter paper, !
R.T. : > 55 d, " 1544
‘ Stool, t:in, watery, dark, RT. 3 d, Soon "
; " " dried on
i filter paper, R T. i » 137 a. oo "
: Fecce in a latrine 'Z0 d. iGalv..na 1900
Feces in a cask 25 d. "
Feces in earth of latrine,
buried 10 d. 40 4, | "
Feces in sand |5-20 4. -
, Feceg in loam 5-15 d. | oo
_ , Feces in gravel L0-20 d. "
K b After being 10 days in 1etrihe the organisms were
no longer virulent, .o
8 C, hecov. 0 in 5 d, Gartner 1207
3 C. Recov. O in 10 d. ;"
Tap water with stool Inoc. 100,000/cc water  Horrocke lell
Recov, 200/cc water in 2d.
:, R. T, 52 d, Jordan 1976
? Feces in latrine, winter 5 mos, Levy 19003
‘ -8 t1 -30 F,, expnsed to ! '
npen air 40-50 d. Lu-ti-nuan 1000
: Mot found in feces of cockroach Wicfic 12702
] 12-17 C, - Viablz after 4-12 d. Schiller 1200
v Liquid manure 4 a, "
: Liquid manure, 13-22 @, 92 d, "
: “  below 12 C. 8 d, "
i " " aboveld C. & d, "
; Feess & urine, 16-20 C, Viavle 7 4a, n
r 8 dny cult., below 12C,. Viable 7 D, "
; 10 day cult., telow 12 C. Viable 9 d, "
i 17 day dult., below 12 C, Lo 27 d, "
| 15 4. cult., 12-22 C. ‘Viable 9 d. "
i 5 d. ecult., below 12 C, .o 14 4. n
" over 18 €. Viable 8 4. "
21 d, eult,, below 12 C, Miable 13 4, "
. Liquid manure 12-17 C, L n 44, "
‘ & 6 4. cult. ! |
r Liquid manure 10 d, cult, { * 4 4. ;o
? 13 d. cult. " 74, n




TABLE _3/Y__ THE SURVIVAL OF SALMONELLA TYPHOSA IN THE BODY (AND

: BODY, MATERIALS) -
® . Factor(e) B Survival Reference
FECBR', 4ONT.
Fresh feces, 17-22 C, Viable 115 d. Uffelman 1889
weakly acid, i
Fresh fetes, 17-22 C. neutral Viable 121 d. "
Fresh feces & urine, -22 to
_ 5 C,, waakly alkaline Viable 36 4, "
. 0ld feces & urine, 17-22 C,
i alkaline Viable 116 d. "
2 0l1d feces, 1C Wy alkaline [Viable 116 d. "
Fresh feceas, weak acid " 44 d, - "
Fecaas & urine in moist gardin
: sofl, 23-0 C, " 54 mos. "
q Fresh feces & urine, neutral],
g 10 C., or less, " 66 d, “
g Fresh feces & urine, weakly
: alkaline, 10 C, or less " 21 d4, "

: Human feces on: .
; dates 2 d, Vasquez 1924
vinegar 1 h, "
mango 2 d. "
banana 2 d, o
apple 4 d, N

SKIN
v Self sterilizing ability of Bkin against organism
. due to drying bold 1919
Palm ofhand Entirely deetroyed 10 mini Krueger 1942
Washed hide Inoc. 550, Recov. 1, 30|
al.uies ‘Norton 1922
Dirty or fatty skin Several hours Singer 1929
: URINE
i 8oaked in urine, dark Inoc. 240,000, Surv., 10 4. Hewlett 1909
' 8oil & urine, dry, lab, temp. Inoc, 12, Ooo/gm esil,
: Recov, 330/gm. snil, 7 4. Horrocks 1911
! ' Garden humus with ur..e, ex{Inoc. 1,660/gm. soil "
] posed on veranda, no rain, (Recov. 280/gm. goil, 10 4. *
; dry.
r Warm temp. ¢ 20-40 4d. Lu 1933
: -8 to -30 F,, exposed to e
: open air 40-50 d. . Lu-ti-huan 1930
y 12-17 C, lviable after 4-12 d, “Schiller 1890
g Utine infected water from
L wall A few days, Vacek 1932
! 7 urine, dil, Ringers with|
£ 17 ~1ucose 14 wks, Zeller 1948
) TI55U8, OENERAL : .
§ 8k1n, clean Inoc, 4,000, Recov, 1, 10| min. Arnold 1930
Z Body temp., dirty fatty skin, Several hra. Arnold 1930
; Palmar surf,, clean, hody t. Recov. 0,10 min, "
" o Human bilc »y16C d. Deckwith 1921
‘ [ Beef bile y141 4, .
Oyster juice & stomach,
Foote 1895

50-60 F., Ice broth cult, 30 d.
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TABLE 515‘ THE SURVIVAL OF SHIGELLA SPECIES IN THE BODY (AND BODY

MATLRIALS)
Facter(s) Survival
FEES e+ S B
S. ambigua
Desert temp,, in open bhox
with Mlies 297 h,
S. dysenterine
R.T., 15-13 C, From 5 to 15 d.
Fluid stool, RcTu, dar‘k 5"‘])[ (],a
Oririnal feces 31 d,
nied feces 113 4.

8. paradysenterisae
Eg C. (flexnori)

S,

~0riginal feces (fle\neri)

In artificlally infected f
baci1lll were detectabhle
and 33 d. driled,

(Ruhr bacillus), Fluid qt?

" Dried stool
" " pluid, R.T., d§
" " Dried in dark.
" " Pluid, derk, R

Peces, 1.,5~-14 ¢, mixod

with esarth

Sbool, cool, driled

'resh fecey
-8 to -30 7., Exposed to

o-en a’ .

Not fonnc In feces or

Desert temp., ont »r

Human fPBBS on mango.,
» bhanana
L] " Fl[lplﬁ

cock
[un.

20 C. "
30 C. 1t
R.T. "

Dried fecos "

Originel feces (PnpndJs )
Dried feces

Original feces (Hiqu)
niad feces

Dried feces
Descrt iomp., out of sun
Direct sun, all day.
Human fezes on mango
hanana
1 L4 1’1”19
sonneli
0 cC.
30 C.
37 C.
R.T. '
Feces

|

b=l d. when 1lquid

ccnl mulerial, the

Ol 8.2 do
27.2 a,
rk. 10 d.
1l mo,
Tn 28 dc
> 101 .
1-2 wks.

5 d.

Ip & 55 d. |
roach
11 (]o
1 h,
1L h.

1 h,

956 h.,

I8 h.

2l. h,

Dried out guickly in
fecnl sypecimens

32 d,

97 d. |

270 d,

3 d.

12 ('Ia

31 4d.

113 d.

273 4d,

1 hr,

5 hrs,
2 h,

Ly 4.

20 1.

72 h,
24 h.
6 h.
()".l.]_ d 'Y
1-14 d.

e e e ¢ 4AL Tt e S 2y

Refcerence
Stewart 1Sl
Cruickuhank19u2

1940
Do}d 1947

1

! 1042

" 1541

1"

"

1

1t
Hoampll 1CJ2
Joo 50
kusama 1025
Lu-ti-iuan 1930
iacfie 1622
stewnrt 1ol
Vaﬁquaz 12l

it
Baﬁnard 16

1"

Cruickshank 140

Do%d l9h7

]

i

1

"

"

"
Stﬁwart o4l
\aﬁquez 1524

1
19} 6

Barnard
4

]

Cruickshank 1940
Lowbury 1943




TABLE 3’5 THE SURVIVAL OF SHTIHsLLA SPECIES IN THL BODY. (AND BODY

{ MATERIALS)
b L} Factor(s) Survival Roferonco
URINE
b ' + 3. dysenteriae
B "~ Urine, warm, indoor, L0~50 d. Lu 1933
-8 to -30 F., Exposed to
open air. 55 4, Lu-ti-huan 1930

TISSUES, GLNERAL
S, dysenteriae
Wiltered human gastrie juilce,
PH 4.5 Germicidal for Sonne-
Duval strain of
S. dysenterilae Felsen 1939

"
i
!




TABLE B/2 _ THE SURVIVAL OF

BODY MATERIALS)

STREPTOCOCCUS SPECIES IN THE BODY (AND

Factor(s)

BLOOD

SKIN

8. fecalis
Sterile rabbit hlood susp.

S. hemolytiecus
R.T., %qu!a paraffin,

arachis oil

Refrig., liquid paraffin,
arachis oll

Saliva, R.H., J0-55%

Stgrile ﬁawbit b%ood susp.

S. liquefaciens
Sterile rabblt blcod susp,

S. 8 .
Horse serum, “5 C.

37 C. for 3 hrs., defibrin

Sur\ival Referonce
7-19 yrs, Frobi: her 1047
8 wks,
l, wks., Coulthard 1951
L, wks. ‘
37 wks. "

ortallty rates smaller
than jnheumococcus.,
Alive 18 yra. (Beta)
" 9 yrs. (Alpha)
7-19 yrs,

-Inereased from 600 org.

Dunklin 19,8
Frebi her 1S47

L

Belin 1933

ated. Sprayed from per unit to 50,000/uniti
chamber, in 1-7 days. Ruchbinder 1941
S, ogenes
anzers. exposed 2 min. Inoc., 1270, wash off 329 Burtenshaw 1938
) " gl min. " 1228, 150 n
" " 11 fn " 339’ n 3.1 f
Palm, exnosed 2 min. " 1270, " 50,6 "
" min. "o 1228, " .32 "
h " 11 min, " 339, " 96 "
Forearm " ? min, " 1971, " 157 "
L L IR " " 1228’ " 78 L3
1" " 120 " " 339 1" 78 ‘"
‘Desd dkin, " 3 min, poon 1971 " 88 n
w " 65 min, boon 1228 " 232 "
. " 1'20 " | " 339 " 114_ [
.Left palm, exposed || »in.| " L8 " .22 "
Right palm, ™ I »in. moo)8 n 0 "
Exposed to long chain :
fatty acids. Lethal Burtenshaw 1945
S, hemolyticus
Norme 1l skln of hand, R.T.| Recov. 30 million, 3 min. Colebrosok 1930
From broth culture. " 1,7 " 1 h. "
" 7’000 2 h. "

Hands of normal person

Skin of hands,
Washed hide

Surf'ace, washsd hlde

Wounds

| Alpha strep. found in 3

Group A isolated from
hands of 7 out of 181.

Non-hemolytie on nearly
all of hands,

6% viable, 1 h,

Iriec . 1400, Reeov. JOO
30 min,

Inoc. 1,000, Recov. 75,
30 min,

of 82 wounds,

"

Kruercr 1942

Norton 1932

11
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TABLE _B% (GONT.) THE SURVIVAL OF TR PTOGOCCUS SELCIES IN THE BODY

Facter(s)
SKIN (CONT.)
S. pneumqiiae
Bxroscd to long chain
fatty aclds
viridans
Exposed to long chain
fatty aclds,

S.

(ANL- BODY MATERIALS)

Survival

Lothal

Lethal

et viat et

Refercnce

Burtenshaw 1945

n

SPUTUM
S. hemolyticus (Reta)

Drled, 37 T. Viasblo at 150 d. Germano 1897
Saliva In 207 no strep. demon-
strable. 080% same strep.
as in throat culture. Hamburger 16LL
TISSUk, GEVERAL .
S. hemolyticus (Reta) |
Drisd membrans, C. Visble safter 3 mos. Germano 18¢7
Nasal secretion Rewovecrahle after l-st
normal hand washing. Hamburger 1946
Nose * throat, sulfadiaszine
1 gn/day. More murked sensitivity
in nose than throsat. "
Survived longer on skin than on fllter paper. I Hellat 1948
Throat swabs, lce box, : ried. X yr. ! Jettrman 1627
S. spp. !
Animal excreta,bl F. Inoc, 1-3, Recov. .03
in 7 d. { Savape 1617
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paLE _B)'/ THE SURVIVAL OF V1BR1G SPLCILS IN THI BOOY (AND BODY

Fresh feces % urine, 17-22

MATERIALS)
1 [
Pactor(s) Survival R for nce
—— e i e et e+ e et eeemimen m e+ e 2o
BLOOD
V. comma
R.T., dry, glass smear,
fowl, 8 d. Skidmore 1932
Turkey blooé, 5 C,, dried | )i” h, "
on rlass
Turkey blood, 37.5 C.,
dricd on glass W7 b, "
Beef bouillon, 37.5 €. in
test tubes Visble -+ wks, "
TECES
V. comra
T1lies in contact with mottl.
rich 1n organlsma. Found in fcces Alossandri -
Abs., humidity, 10-11 mg/cul.
meter Long cnouth for infection Bey 1948
30 C. Recov., 0 in 10 d. ' Gartnor 1898
8 a, " " 5 d. ) 1t
Rice water stools, dark
cool weather 7-8 d. Grelg 1613
Rice water stools, dark
warm weather, 1-2 d. "
-8 to -~30 F., Ex osed to |
open air. h=30 d, ‘ Lu=ti=buan 1930
Feces U 4. ' Schiller 1860
Liquid manure 13 d.

C., weak acid Viable 2l h. | Uffelman 1889
9 C., weak ncld Viable 2 h, P
01d feces, thin with watep,
17-22 C., weak nlk, Viable 96 h. Lo
9 C., wesk alkaline Viable 2| h. oo
Presh feces % urine,l17-22n, viible 72 h, "
9 7, or lcss Viahle 2I h,
Diarrhelc feces % urire,
17-22 C. Viable |V h, "
9 C., or less Viable 8 n, "
Human feces on chico, cu-
cumhers, rapaya, lettuce | Overnight Vasquez 192l
Human feces on cut cueumb.| % 20 hrs, "
" " " " papaya ¢ Y hrs, "
" " " shrimp |22 hrs, "
" " " oysters | L6 h, "
" " " inside
open clam. I @ "
" " " dates | 2 hra, "
" " " vinegar i1l h. .,
" " " mango 2 4, : 1
H " " hanana 2 d. 1
e V. comma
Urinz, warm, indoor. < 20-h0 d, Lu 1933
=80 to =30 W., oraen ain 6- 50 O, Lu-ti-tman 1930
Urine WL . Schiller 1890




TABLE B/K‘ THI: SURVIVAL OI' VIRUSES
IN T BOUY
(AND ROLY MATERIALS)

- i v e e cae P s

Feotor(s) j Survival Reference
BLOOD ,
Hoof & Moutl: virus *
<20C,, thewed at R,T,, 24 ! 6-7 wecks Henderson 1oy
hrs, previous to tost.
=10 to-20 C., thawed when | 5 3/4 mos,
tested
G.p. lymph, pH 7.5, in | 2 yrs and 20 das, Sichert- 1930
phosphate buffer Modrow
bried lymph 70 C., dried 2 1/? hrs,
in P»0¢ in vacuo |
Dried lymph 122 C,, dried | 3 min. " "
wlith P,0. In vacuo
Dried lympR of g.p., 52 C | Still infectious 14 hr.
in P50c
Dried fymph of g.p., R,T. | Still infectious 10 das| " "
Dried serum, R,T, St111l infectious 5 das,
Dried plpama, R,T, i Still infectious 7 das.
Dried preserved serum, R,T| Si(ill infectious 4& des| "
Fresh g,p. lymph, 27 C,, Reteined virulence 190 | Stockman 1926
sdtored in rolo room das. ]
Horpes '
U.V. radiation, tresh 10 min, Gunderson 1932
normal reosbilt serum
Normal rubbit serum 40 m'n, Mc¢Kinley 1926
Mexlcaen typhus |
lood end tissne, 5 C, 79 das, ' Macchlavello 1937
Yollow lever virus
Blood dried in vacuum i 154 das. Sawyer 1929
while frozen i i
Monkey blood with liver, ' 2 wks, | Sellards 1928
=10 C., In sealed sterile
test tube ’ {
Rif't Valley Fever ; ‘
- Blood, relrigerstor i G2 days Smithourn 1949
Blood, refriperptor(stor-i 2 yrs. i
ed, tluid) |
Serum, refrigerutor {1048 das, " !
FECES '
Hoof & Mouth virus ‘
Inoc, g.pe tlasue & stora ! 2=3 mos.. Andrews 1931
ed -2000 !
Moist, cool, 3,5-5,5 C,, : 283-345 Days ' Hull 1947
for 105 das,, dried rap-
1dly in vacuum, RH,T, ;
Infective Jaundice g
18T borne, driaed | 31 das, Anderson 1947
Newcastle virus
~led chicken feces, pH | Olesiuk 1951
603 and b.-U !
Psittacosia
Exposed to HCOH, ©,2%, | Infective up to 10 das | Hull 1947

R.T,




TABLE BJ% (CONT'D) THE SURVIVAL OF VIRUSES
.o — ‘ ' IN ™IE BODY
(AND mm MATF‘RIALS)

‘ Factor(s) + Survival : Referonce
FECES (CONT'D) |
Polio virus
3-4 C. ‘.)6 mos, { Kremer 1540
Stools ? -8 wks.. Horstr. . 154
Feces of child { Recov. 7 das, sl'ter one |Kramer 1939

tet of illness
S¢ools, virus tound in stopls, ingctivated by ine Krumblersl 1G04
activated sludge and chlopination

Stools ¢f convaelescents i 25 and 123 das, after Lepine 1939
'mild abortive polio
Feces of polio victims & | Possibly a matter of hrs|{Maxcy 1902
carriers
Stoo0l <Tb% viable Paul 1941
Stool in transatlantic 16 das, Paul 1939
mail
_ Aqueous stool suspn., ice 2 1/2 mos, Paul 1940
box.,.
Refrigarated 10 wka, Trask 1938
Stools of convalescents 25-123 dgs, after ab-
’ ortive cases
Refrigerated 75 days " "
SKIN
Influenza virus
] Fuman skin, inoec. 0.2cc 50% recov, in 10 min. Krueger 1942
virus suspn,
Suspended in chick allsn- 45«50 min, Parker 94y

toic fluid, skin ot hend
Vaccinie virus

Light reduced 1/2 Pugtule up to 8 hr, Herzberg 1933
UM

Virus spp.
R, T Rocovery positive,9”2dass| Arloin 192
GENERAL
Hoof & Mouth virus
Inoe, g.p., 2 C. 2=3 mos. Androws 1931
Beef, ~20 C, buffered sol.| 4 mos. Henderson 1948

Tiamsues, liver, kidney, g
rumen, 4 C, i
Liver, rumen, lymph node, ! § 3/i4 mos, . " "
-10to =20 C.,, thawed
when tested

4 C, pH 5.6 , (-3 das. " "
-20 6., pH 6,8, thawed in
buffered sol'n, 1l das
120 €., ph 6.6, thawed in ' L mos, A " "
buffered sol'n, {
Muacles, nepsr O 1 wk Rubino 1929
Bone i At lemst 4O das
«. Carcass, -20C., pll 6.8 4 mos. Henderson 1948
¢ ) 7 Ui thawedist R,T,

Kinderpest virus
Live rabbits & storage 7 das.. Haddow 1947




THE SURVIVAL OF VIRUSHES
IN TWE BODY '

TABLE B /Sl GONT ' D)
' (AND BODY MATERIALS)

‘ ’ Faetor(s) Survival Reforence
GENERAL (CONT!D)
Polio virus
Brain tissuwe, 37 C., in 20 but not 30 das. Plexner 1915
gscitie fluid kidnoey
Polio stored in animal tigsue over long poriod of Ylexner 1917
time doss not retsin viebility,
Nasal wasbihgs of child Recov, 5 das. stter one Kremer 1939
set of 1illness
Nasopharyngeal washing Recov, 9 dags, al'ter on-
set of 1llness
Pharynx Recov. 10% vigble Paul 1941
Fresh prep. in amoeba <3 das. Toomey 1948
proteus
Rables
Rabbit brain, 5 C. D6H des, Remlinger 1934
Brain in glycerin , in 4r das Barrat 1504
disintegrator
! Brain susp'n In liguid 24 hrs,
; air, dil, 1:10
! pH 2, & 1 hr. Dresel 1934
Acids & alkelis hgrmful in ;?ﬁpovtiun to cone,
Herpes virus _
20% susp'n of rabbit brain 100 krs, Book 1940
; in buffered physlological
' saline, 37 C.
Brain emulsicn 4LO min McKinley 1526
U. V, radiacion, cornes £ 15 min, Gunderson 1932 |
Yellow Fever virus .
Liver, =12 C, >1 mo. Sewyer 1929
Mouse brain, 8 C, Non-virulent, 160 das. Theiler 1930
Mouse brain plus 0% gly- | Infective atter 58 das,
cerin, storad gt 2-4C, but not of'ten 100 das.
Mouse brain in whole mon-|{ 6 mos. Turner 1938 |
- key serum, -78 C,
| Influenza virus o
! Palmar skin Recov.3Q in 10 'min, Anon, 1943
' Mouse brain susp'n in N
¢ rabbit serum, -20to -30C. {6 mos., Olitaky 1949
: _Mouse lung susp'n in 10% |
: “pbain broth, -78C 6 mos, Turner 1938
f Frogén rghbit testes, 3 yrs. Turner 1939
§ "‘., C .
: Newcastle ‘Disease virus
: kin, eviscerated cercass, 96 das Asplin 1549
] 34 F,, exp, Intectused
i Bone marrow 134 des
: Unplucked cercasses,
' skin; 160 dons
i bone marrow 196 das " W
| 1 Fowlpox virus
‘ o Dried matéPial from lesw 2 yrs, Loeventhal 1906

tons




